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Dr.  F.  J.  Orland,  Zoller  Dental  Clinic,  University  of  Chicago,  950  E.  59th 
Street,  Chicago  37,  Illinois. 


EDITORIAL  VIEWS  AND  NEWS 


Ordinarily,  the  Editor  would  prefer  to  look 
ahead  to  Volume  38  of  the  Journal  rather 
than  to  reminisce  about  the  several  Numbers 
published  in  1958.  Nevertheless,  a  few  in¬ 
teresting  elements  of  publication  might  be 
cited:  In  the  six  issues  comprising  Volume 
37,  there  were  a  total  of  122  manuscripts 
published.  This  is  a  significant  increment 
over  the  71  manuscripts  published  in  1948 
(805  pages),  the  47  in  1938  (532  pages),  and 
the  meager  16  in  1928  (550  pages).  There 
has  hardly  been  a  shortage  of  submitted 
manuscripts  in  recent  years,  but  the  greater 
number  of  pages  (1186  arabie  numbered,  plus 
22  more  concerned  with  indices  and  com¬ 
ments),  in  the  1958  Journal,  which  per¬ 
mitted  the  publication  of  more  manuscripts 
and  additional  features,  was  made  possible 
largely  by  the  grant  of  the  William  J. 
Gies  Foundation  announced  at  the  Detroit 
I.  A.  D.  R.  meeting. 

To  publish  a  scholarly  journal  these  days 
costs  a  substantial  sum,  even  though  the  very 
significant  services  of  the  Advisory  Editorial 
Board  and  the  several  Editors  are  all  donated 
to  the  cause.  It  is  a  comforting  thought  that 
such  worthy  groups  as  the  Gies  Foundation, 
the  National  Institute  of  Dental  Research, 
through  its  extramural  grants  program,  and 
the  Supporting  Associates  of  the  I.  A.  D.  R. 
— J.  D.  Bes.  fully  appreciate  this  fact  and 
are  assisting  in  the  publication  cost  prob¬ 
lem  of  this  Journal. 

Use  of  Professional  and  Academic  Degrees. 
— Beginning  with  this  January — February  is¬ 
sue  of  the  Journal,  academic  and  profes¬ 
sional  degrees  will  no  longer  appear  after 
the  authors’  names.  This  action  is  in  keep¬ 
ing  with  the  custom  of  all  the  better  re- 
.search  journals;  moreover,  the  listing  of  de¬ 
grees  should  not  be  necessary  as  a  mark  of 
the  author’s  com|)etence.  In  fact,  many  con¬ 
tributors  to  the  J.  D.  Bes.  have  chosen 
voluntarily  not  to  include  their  degrees  for 
some  time  now.  .\fter  all,  it  is  not  the  ex¬ 


hibition  of  hard-earned  degrees  that  is  as  im¬ 
portant  as  the  content  of  the  manuscript  per 
se. 

A  Biographieal  Directory. — On  the  other 
hand,  to  provide  academic  and  professional 
background  information,  there  should  be 
some  reliable  source  book  wherein  a  brief, 
biographical  sketch  is  available  concerning 
persons  active  in  oral  research.  American 
Men  of  Science  is  an  excellent  general  com¬ 
pendium  for  this  kind  of  information  but, 
unfortunately,  it  does  not  include  the  names 
of  the  younger  and  less-established  investiga¬ 
tors,  nor  of  those  from  across  the  seas.  Thus, 
the  Editor  strongly  suggests  the  time  has 
come  for  the  I.  A.  D.  R.  to  consider  the  prep¬ 
aration  of  another  Biographical  Directory 
such  as  Harold  Hodge,  Ed  Hatten,  and  H.  B. 
G.  Robinson  prepared  in  the  Journal  of  Octo¬ 
ber,  1952.  The  present  Editor  would  recom¬ 
mend,  however,  that  biographical  sketches  be 
included  only  for  those  I.  A.  D.  R.  members 
not  already  listed  in  the  most  recent  volume  of 
A.M.S.  These  latter  individuals  should  be 
listed  merely  by  name  (with  some  appropri¬ 
ate  symbol)  and  current  address.  In  the 
questionnaire  to  I.  A.  D.  R.  members  re¬ 
garding  the  Journal,  it  was  suggested  by 
some  that  this  formidable  task  might  be  best 
accomplished  by  the  Archives  Committee  of 
tlie  International  Association  for  Dental  Re¬ 
search. 

Constructive  Comments. — Comments  to  the 
Editor  regarding  the  Journal  are  always 
welcome.  (How  else  would  we  learn  of  such 
almost  humorous  incidents  as  the  ironic  case 
of  F.  A.  Arnold,  of  all  people,  and  his  copy 
of  the  last  issue  of  the  Journal  with  the 
blank  pages  f)  Constructive  comments  are 
especially  welcome  at  this  time  while  the 
Editor’s  Annual  Report  is  l>eing  prepared  for 
the  next  I.  A.  D.  R.  meeting. 

— Frank  J.  Ori.and 
Editor 
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INTERNATIONAL  ASSOCIATION  FOR  DENTAL  RESEARCH 
ANNOUNCEMENT  OF  1959  GENERAL  MEETING 

The  37th  General  Meeting  of  the  International  Association  for  Dental  Re¬ 
search  will  convene  at  the  Sheraton-Palace,  San  Francisco,  California,  on 
Thursday,  Friday,  Saturday,  and  Sunday,  March  19,  20,  21,  and  22,  1959. 
The  Dental  JMaterials  Group  of  the  Association  will  meet  on  Friday,  Saturday, 
and  Sunday,  March  20^  21,  and  22.  The  American  Association  of  Dental 
Schools  will  meet  at  the  same  place  beginning  on  Sunday,  March  22. 

Dan  Y.  Burrill,  Secretary-Treasurer 
Northwestern  University  Dental  School 
311  E.  Chicago  Avenue 
Chicago  11,  Illinois 


NITROGEN  CONTENT  OF  ZONES  DISTINGUISHED  BY  REFLECTED 
LIGHT  IN  ENAMEL  SECTIONS  FROM  UNERUPTED  THIRD  MOLARS 
L.  W.  WACHTEL,  LIEUTENANT  COMMANDER,  MSC,  USNR 
V.  S.  Naval  Dental  School,  National  Naval  Medical  Center,  Bethesda,  Md. 

Numerous  investigators^'®  have  reported  varying  amounts  of  protein 
and  nitrogen,  ranging  from  about  0.4  per  cent  protein  (0.07  per  cent 
nitrogen)  to  about  2.0  per  cent  (0.3  per  cent  nitrogen),  in  normal,  noncarious 
enamel.  Interest  in  this  area  of  dental  research  has  continued  in  an  effort  to 
ascertain  a  relationship  between  the  organic  content  of  enamel  and  the  sus¬ 
ceptibility  of  teeth  to  caries. 

In  almost  all  work  done  in  the  past,  samples  used  for  analysis  were  pooled 
from  fairly  large  numbers  of  teeth,  and  the  purity  of  the  enamel  was  estab¬ 
lished  by  means  of  density  determinations.  These  procedures,  however,  did 
not  establish  individual  differences,  and  may  have  excluded  nitrogen-rich 
areas  of  enamel  having  a  lower  density  than  normal  enamel. 

In  1951,  Coolidge^  attempted  to  correct  these  faults  by  comparing  small 
samples  from  the  same  tooth.  Although  at  that  time  he  could  establish  no 
consistent  relationship  between  normal  enamel,  carious  enamel,  and  hard 
white  spots  of  enamel,  he  has  since  questioned  the  reliability  of  his  sampling 
procedures.  Stack,®  using  an  improved  sampling  technic,  was  not  able  to 
detect  any  variation  in  the  organic  content  of  sound  enamel  at  various  points 
around  the  crown,  but  did  observe  that  chalky  enamel  contained  3  to  4  times 
as  much  organic  matter  as  the  adjacent  areas. 

The  present  studies  were  initiated  in  an  effort  to  obtain  more  precise  in¬ 
formation  on  the  distribution  of  nitrogenous  matter  in  enamel.  The  use  of 
undemineralized  tooth  slices  permitted  the  removal  and  analysis  of  areas 
observed  in  the  inner  regions  of  the  enamel.  This  type  of  sampling  allowed  a 
more  careful  selectivity  than  that  obtained  with  flotation  technics,  and  per¬ 
mitted  the  determination  of  individual  variations.  Since  the  samples  used 
were  small,  it  was  necessary  to  adopt  an  ultramicro-Kjeldahl  technic  to 
measure  the  nitrogen  content. 

MATERIALS  AND  METHODS 

Samples. — Samples  were  obtained  from  unerupted  third  molars  that  had 
been  stored  in  a  freezer  immediately  after  extraction.  The  effects  of  oral 

Preliminary  results  of  this  study  were  reported  at  the  35th  General  Meeting  of  the  In¬ 
ternational  Association  for  Dental  Research.  Atlantic  City.  March  21,  1957. 

Received  for  publication  April  4,  1958;  revised  June  23,  1958. 

The  opinions  or  assertions  contained  herein  are  the  private  ones  of  the  writer  and  are 
not  to  be  construed  as  official  or  reflecting  the  views  of  the  Navy  Department  or  the  naval 
service  at  large. 
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environment  and  age  were  minimized  by  eonfining  samples  to  teeth  obtained 
from  18-  to  20-year-old  persons.  The  teeth  were  cleaned  and  brushed  thor¬ 
oughly  and  then  cut  buccolingually,  by  means  of  a  Brown  and  Sharpe 
0.01-HS-S  circular  saw,  into  sections  about  200  thick.  Each  slice  was  ex¬ 
amined  microscopically  as  a  further  check  against  caries  that  may  have 
resulted  from  an  undisclosed  oral  communication.  Under  reflected  light,  areas 
of  enamel  appeared  clear,  cloudy  white,  or  opaque  yellow  (Fig.  1).  Selected 
areas  suitable  for  analysis  were  removed  by  fracturing  with  a  Zerfing  sealer, 
examined  microscopically,  air  dried,  and  weighed. 

Nitrogen  Determinations. — The  ultramicro-Kjeldahl  technic  devised  by 
Needham  and  Boell*  was  the  basic  procedure  followed.  Sami)les  were  placed 
in  small  digestion  flasks  (Fig.  2,  a)  along  with  a  few  milligrams  of  selenium 
powder  and  0.15  ml.  of  a  digestion  solution  made  up  of  equal  parts  of  con¬ 
centrated  sulfuric  acid  and  saturated  ])otassium  sulfate  solution.  The  samples 
were  then  digested  overnight  in  an  electric  sand  bath  heated  to  250®  C.  After 
digestion,  water  was  added,  and  the  solution  was  made  alkaline  by  adding 
several  sodium  hydroxide  pellets.  The  released  ammonia  was  allowed  to 
diffuse  overnight  into  the  waxed  receptor  tubes  (Fig.  2,  6)  containing  0.1  ml. 
of  0.03  N  sulfuric  acid.  Diffusion  was  aided  by  placing  the  tubes  on  a  rocking 
device  in  a  water  bath  heated  to  38°  C.  Analysis  of  the  receptor  tube  contents 
was  made  colorimetrically  by  the  Russell  alkaline-phenol-hypochlorite  pro¬ 
cedure.^® 

Phosphorus  Determinations. — After  the  material  remaining  in  the  digestion 
flask  had  been  adjusted  to  pH  2,  the  phosphorus  content  was  measured  by  the 
standard  Fiske-Subbarow  method. 

Phosphorus-Nitrogen  Ratio. — Both  phosphorus  and  nitrogen  determina¬ 
tions  were  made  on  the  same  samples.  The  phosphorus-nitrogen  ratio  was 
taken  to  indicate  the  relative  proportions  of  inorganic  and  organic  components. 


Table  I 

Recoveries  op  Nitrogen  and  Phosphorus  From  Calcium  Phosphate — 
Keratin  Mixtures  by  Micro  and  Ultramicro  Technics 


ca,(PO,)j: 

WEIGHT 

OF  ULTRA- 
MICRO 

PHOSPHORUS 
(PER  cent) 

NITROGEN 
(PER  CENT) 

P/N 

KERATIN 

RATIO 

SAMPLES 

(MO.) 

MICRO* 

ULTRA- 

MICROf 

MICRO* 

ULTRA- 

MICROt 

MICRO* 

ULTRA- 

MICROt 

0.7 

100:1  to  17.4  17.0±0.8t  0.11  0.15  +  0.04  158  125  ±  32 


3.9 

0.4 

20:1  to  16.7  16.5  ±  1.2  0.55  0.58  ±0.11  30  30  ±  6 

2.3 

0.05 

20:1  to  30  27  ±8 

_ (U _ _ _ 

’Weight  of  samples  =  50 — 300  mg. 
tlO — 20  samples/mixture. 
tStandard  deviation. 
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Fip.  1. — Tooth  slices  showing  clear,  cloudy  white,  and  opaque  yellow  areas  of  enamel. 
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Accuracy  of  Methods. — The  degree  of  accuracy  of  the  procedures  was 
established,  using  mixtures  of  calcium  phosphate  and  keratin,  by  comparing 
ultramicro  results  with  those  obtaimsl  by  standard  micro  procedures.  Table  1 
shows  the  results  of  this  comparison.  A  coefficient  of  variation  ((r/mean)  of 
about  ±20  per  cent  was  obtained  with  sami)les  weighing  from  0.4  to  3.9  mg. 
and  containing  from  1  to  10  ^g  of  nitrogen. 

Although  they  did  not  affect  the  phosphorus-nitrogen  ratios,  weighing 
errors  reduced  the  reliability  of  percentage  values  for  samples  less  than  0.4  mg. 
Consequently,  percentages  were  reported  only  for  quantities  exceeding  that 
amount.  As  a  further  precaution,  sample  sizes  were  selected  for  reporting 
which  contained  at  least  0.8  /ig  of  nitrogen.  The  presence  of  a  constant  blank 
of  0.6  fig  of  nitrogen  (introduced  from  the  dige.stion  materials)  made  it  neces¬ 
sary  to  deduct  that  amount  from  all  recoveries. 


Fig.  2. — Diagram  of  digestion  flask  (a)  aJid  receptor  tube  (6)  used  in  determination  of  nitro¬ 
gen  and  phosphorus. 

RESULTS 

The  results  of  analyses  of  tooth  fragments  of  clear  enamel,  cloudy  white 
enamel,  opaque  yellow  enamel,  and  dentin  are  listed  in  Table  II.  Twenty 
teeth  from  12  persons  were  used  to  compile  these  data.  On  the  average,  cloudy 
white  enamel  contained  about  2i/^  times  as  much  nitrogen  as  clear  enamel,  and 
had  a  phosphorus-nitrogen  ratio  of  159:1,  compared  with  358:1  for  clear 
enamel.  Opaque  yellow  enamel  contained  6  times  as  much  nitrogen  as  clear 
enamel ;  this  nitrogen  content  associated  with  a  decreased  phosphorus  content 
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gave  opaque  yellow  enamel  a  phosphorus-nitrogen  ratio  of  41:1.  The  com¬ 
parative  differences  in  nitrogen  content  and  phosphorus-nitrogen  ratio  between 
the  various  types  of  enamel  are  statistieally  significant  (P<0.01). 


Table  II 

Analyses  of  Enamel  Types  for  Nitrogen  and  Phosphorus 


TYPE 

SAMPLES 

(NO.) 

weight  of 

SAMPLES 

(mg.) 

PHOSPHORUS 
(PER  CENT) 

NITROGEN 
(PER  CENT) 

P/N 

Clear  enamel 

63 

0.8  to  7.3 

17.711.6* 

0.07  1  0.04 

358  1  213 

Cloudy  white 

enamel 

41 

0.4  to  3.3 

17.111.2 

0.1710.11t 

15911271 

Opaque  yellow 

enamel 

17 

0.4  to  1.9 

16.4 1 1.8t 

0.43  1  0.11$ 

41112$ 

Dentin 

33 

0.4  to  1.4 

12.31 1.6 

2.46 1  0.40 

5.1 1 1.1 

•standard  deviation. 

tClear  enamei  vs.  cioudy  enamel  P<0.01. 
tClear  enamel  vs.  opaque  enamel  P<0.01 
SCIoudy  enamel  vs.  opaque  enamel  P<0.01. 


In  order  to  compare  the  nitrogen  content  of  different  areas  of  enamel 
within  the  same  tooth,  the  results  of  analyses  of  16  teeth  were  compiled  (Table 
III).  These  values  indicate  that  the  relative  amounts  of  nitrogen  in  the  3  areas 
vary  greatly  in  different  tooth  samples,  and  the  differences  are  more  striking 
than  in  Table  II;  the  mean  nitrogen  content  of  cloudy  white  enamel  was  3.2 
times  greater,  and  that  of  opaque  yellow  enamel  10.2  times  greater,  than  the 
mean  nitrogen  content  of  dear  enamel  from  the  same  tooth. 


Table  III 

(Comparative  Ratios  of  Enamel  Types  From  Individual  Teeth,  Based  on 
Nitrogen  Content 


TOOTH 

NO. 

CLEAR  (e) 
(PER  CENT  N) 

CLOUDY  (e') 
(PER  CENT  N) 

OPAQUE  (e") 
(PER  CENT  N) 

COMPARISON 

e'/e  I  e"/e 

1 

1 

1.6 

2 

0.50 

1.7 

7.1 

3 

0.08 

0.22 

t 

2.8 

4 

0.04 

t 

0.20 

5.0 

5 

0.04 

0.02 

0.46 

0.5 

11.5 

6 

0.02 

t 

0.42 

21.0 

7 

0.03 

0.20 

0.48 

6.7 

16.0 

8 

0.08 

0.13 

t 

1.6 

9 

0.06 

0.17 

t 

2.8 

10 

0.10 

0.36 

1 

3.6 

11 

0.07 

0.32 

t 

4.6 

12 

0.06 

0.15 

0.41 

2.5 

6.8 

13 

0.06 

0.25 

t 

4.2 

14 

0.05 

0.33 

0.42 

6.6 

8.4 

15 

0.04 

0.14 

1 

3.5 

16 

0.07 

0.13 

0.43 

1.9 

6.1 

Average 

3.211.8t 

10.2  ±  5.6 

tNot  present 
^Standard  deviation. 


The  phosphorus-nitrogen  ratios,  included  in  the  results,  are  extremely 
useful  where  percentages  may  be  unreliable  because  of  sample  size.  It  should 
be  noted  that  the  ratios  listed  in  the  last  column  of  Table  II  were  obtained 
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by  averaging  all  individual  determinations  in  each  group.  They  differ  slightly 
from  ratios  calculated  from  the  average  percentages  of  phosphorus  and  nitro¬ 
gen  shown  in  the  same  table. 

Despite  difficulties,  the  procedures  used  gave  results  with  relatively  small 
standard  deviations  (Table  I).  The  values  shown  in  Table  II  conform  with 
those  reported  previously  for  a  smaller  number  of  samples.^* 

The  nitrogen  and  phosphorus  values  are  within  the  general  range  obtained 
by  other  inve.stigators  studying  the  comi)osition  of  enamel.  The  careful  sep¬ 
aration  of  opaque  yellow  enamel  from  clear  enamel,  however,  exposed  differ¬ 
ences  in  composition  which  existed  between  these  morphologically  different 
areas.  The  observation  of  these  significant  differences  between  enamel  areas 
of  the  same  tooth  stresses  the  value  of  visual  sampling,  rather  than  the  use 
of  pooled  samples,  in  determining  variations  in  individual  teeth. 

The  nitrogen  content  of  the  opaque  yellow  enamel,  although  relatively 
high  when  compared  with  the  nitrogen  content  of  clear  enamel,  is  relatively 
low  when  compared  with  the  nitrogen  content  of  dentin.  No  individual  sample 
of  enamel  contained  more  than  0.7  per  cent  nitrogen.  This  obervation  to¬ 
gether  with  the  diffuse  pattern  of  opacity  noted  on  stereoscopic  examination 
emphasizes  the  dispersed  nature  of  nitrogen  in  enamel. 

If  the  nitrogen  content  may  be  assumed  to  indicate  the  amount  of  protein 
present  (obtained  by  multiplying  the  amount  of  nitrogen  present  by  the  factor 
6.25*),  the  areas  richest  in  nitrogen  detected  in  the  enamel  contained  about 
3  to  4  per  cent  in  protein.  As  they  are  often  observed  at  the  base  of  natural 
fis.sures,  it  may  be  that  these  nitrogen-rich  areas  serve  as  an  entry  point  for 
invading  organisms.  Future  efforts,  therefore,  will  be  directed  toward  deter¬ 
mining  their  relation  to  susceptibility  to  bacterial  and  acid  attack. 

SUMMARY 

1.  Undemineralized  tooth  slices,  200  thick,  were  obtained  from  un¬ 
erupted  third  molars  of  young  adults,  and  fragments  of  enamel  were  sectioned 
according  to  their  opacity  to  reflected  light. 

2.  Selected  samples  weighing  from  0.4  to  7.3  mg.  were  analyzed  for 
phosphorus  and  nitrogen.  (A  modified  ultramicro-Kjeldahl  technic  was 
adapted  for  the  nitrogen  determinations.) 

3.  The  average  nitrogen  content  of  clear  enamel  for  all  teeth  was  0.07  per 
cent ;  of  cloudy  white  enamel  0.17  per  cent ;  and  of  opaque  yellow  enamel  0.43 
per  cent.  (Air-dried  dentin  contained  about  2.5  per  cent  nitrogen.) 

4.  Comparison  of  the  nitrogen  content  and  of  the  phosphorus-nitrogen 
ratios  of  different  areas  of  enamel  from  the  same  tooth  revealed  that,  on  the 
average,  cloudy  white  enamel  contained  about  3  times  as  much  nitrogen,  and 
opaque  yellow  enamel  about  10  times  as  much  nitrogen,  as  clear  enamel. 

I  wish  to  acknowledge  with  thanks  the  skilled  technical  assistance  of  Mr.  Irving  J. 
Henry  and  Mr.  John  W.  Hathaway,  and  the  helpful  advice  of  Captain  M.  G.  Wheatcroft, 
DC,  U8N. 


•Stack*  has  reported  that  enamel  keratin  contains  13  per  cent  nitro^n,  indicating  that 
the  conversion  factor  may  be  7.75. 
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SCATTER  RADIATION  EMANATINO  FROM  THE  PATIENT  DURING 
DENTAL  ROENTGENOGRAPHIC  PROCEDURES 

DUANE  W.  LOVETT 

VA  Hospital  and  State  University  of  Iowa,  College  of  Dentistry,  Iowa  City,  Iowa 

The  amount  of  scatter  radiation  emanating  from  the  patient  during  dental 
roentgenographic  procedures  is  a  necessary  factor  in  attempting  to  deter¬ 
mine  the  adequate  protective  measures  for  safety  of  those  performing  such 
procedures.  This  investigation  was  performed  for  the  purpose  of  determining, 
by  gross  radiation  detection  equipment,  the  scatter  radiation  emanating  from 
the  patient  during  routine  dental  roentgenographic  procedures  in  a  specific 
dental  facility. 

PROCEDURE 

X-Ray  Equipment. — The  investigation  involved  the  use  of  four  different 
dental  x-ray  units.*  Each  of  these  dental  x-ray  units  was  installed  in  almost 
identical  cubicles,  approximately  7  by  10  feet  in  size,  with  leaded  walls  on 
three  sides.  Each  cubicle  contained  an  x-ray  unit,  a  dental  chair,  a  film  dis¬ 
penser,  and  film  receptacle  mounted  on  the  side  walls,  4i/^  feet  from  the  floor. 
The  x-ray  units  were  positioned  at  the  center  of  the  back  wall  of  the  cubicle 
with  the  dental  chair  positioned  directly  in  front  of  the  x-ray  unit.  All  of 
the  equipment  used  in  this  phase  was  in  excellent  operating  condition  and 
unaltered  in  any  way  except  in  that  part  of  this  study  in  which  additional 
primary  beam  aluminum  filters,  which  is  standard  with  long  cone  equipment, 
were  utilized.  Each  unit  was  operated  according  to  the  manufacturer’s 
recommendations.  A  specific  caution  was  exercised  to  have  the  timing  device 
of  each  unit  adjusted  to  its  finest  degree  of  accuracy. 

X-Radiation  Detection  Equipment. — This  consisted  of  several  kinds  of 
detection  apparatus.! 

The  Dosometers  were  positioned  by  the  use  of  an  adjustable  pedestal  type 
stand  as  shown  in  Fig.  1.  The  stand  supported  the  Dosometer  by  a  plastic 
bracket  completely  backed  by  lead  sheeting,  Y^q  inch  in  thickness,  as  shown 
in  Fig.  2.  The  mobility  of  the  lightweight  stand  and  the  free  floor  space 
around  the  dental  chair  gave  excellent  access  for  positioning  the  Dosometers 
at  any  desired  distance,  height,  and  angle  in  respect  to  the  patient  in  the 
dental  chair. 

Received  for  publication  May  9.  1958:  revised  Oct.  14,  1958. 

•A  General  Electric.  CDX  model  E:  a  Fisher,  Model  MD  No.  M-1135;  a  Weber  Radex, 
Model  No.  11 :  and  a  Ritter  Dual  X,  Model  D. 

tTwo  Model  K-112  Keleket  Dosometers  with  a  0  to  200  mr  range,  a  Dosometer  Charging 
Unit,  Radlac  Detector  Charger  (PP-630-PD),  a  Radiation  Monitor  by  General  Electric  (Model 
4SN11A3),  Keleket  Film  Badges  (Model  K-180),  a  Photovolt  electronic  transmission  densitom¬ 
eter  (Models  52  and  501A),  and  a  Kodak  densitometer  (Model  1). 
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Preliminary  Experiments  and  General  Procedure. — The  establishment  of 
the  procedure  in  measuring  the  scatter  x-radiation  at  specific  distances  from 
the  patient’s  head  during  x-radiation  exposure  required  the  examination  of 
several  factors  that  might  contaminate  or  alter  the  actual  measurement  of 
the  scatter  x-radiation  specifically  from  the  patient.  The  head  of  each  of  the 


Fig.  1.  Fig.  2. 

Fig.  1. — Adjustable  stand  used  In  supporting  and  positioning  of  Dosometer. 
Fig.  2. — The  supporting  and  shielding  apparatus  for  the  Dosometer. 


X-ray  units  used  in  this  study  was  meticulously  examined  for  radiation 
leakage,  outside  of  the  area  of  the  outlet  of  the  primary  beam.  This  exam¬ 
ination  was  performed  by  completely  covering  the  tube  ahead  except  for  one 
inch  from  the  cone  area  with  unexposed  dental  films,  retained  in  position  by 
cellophane  tape.  Each  of  the  x-ray  unit  heads  covered  in  this  manner  were 
energized  for  a  total  of  150  seconds  by  intermittent  periods  of  5  seconds  with 
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the  primary  beam  directed  horizontally  toward  a  leaded  wall,  at  a  distance 
of  5  feet.  The  exposure  procedure  required  approximately  30  minutes  to 
perform.  All  films  were  processed  in  the  same  solutions  at  the  same  time  for 
each  x-ray  unit  being  examined.  Naked  eye  examinations  of  the  processed 
films  with  the  use  of  diffused  fluorescent  lights  disclosed  no  x-radiation  effect 
on  the  films.  The  films  were  examined  by  using  first  one  layer  of  frosted  glass 
over  the  light  source;  and  third,  by  three  layers  of  frosted  glass  over  the 
light  source.  This  type  of  examination  was  performed  to  determine  whether 
the  alteration  of  the  density  of  the  fluorescent  light  source  might  aid  in  visual 
film  examination.  However,  the  direct  visual  examination  was  negative.  The 
test  films  were  each  examined  by  use  of  the  electronic  transmission  densitom¬ 
eter.  This  manner  of  film  examination  did  reveal  some  variances  of  film 
densities  but  were  judged  to  be  so  slight  that  the  difference  could  also  be 
confused  with  normal  film  variances.  This  conclusion  was  based  on  past  ex¬ 
perience  in  testing  dental  x-ray  film,  and  not  by  experimentation  within  this 
study. 

The  Keleket  Dosometers  were  to  be  used  in  the  detection  of  scatter  x-radi- 
ation  as  well  as  x-ray  film,  and  in  order  to  eliminate  any  question  as  to  the 
sensitivity  of  either  method  of  x-radiation,  each  of  the  x-ray  tube  heads  was 
examined  by  a  similar  procedure  with  the  Dosometer.  With  the  use  of  three 
Dosometers,  with  a  scale  range  of  0  to  200  mr,  two  were  placed  on  one  side 
of  the  tube  head  at  a  time,  retained  by  cellophane  tape,  and  the  unit  energized 
for  a  total  of  100  seconds  by  intermittent  periods  of  5  seconds.  Each  of  the 
6  sides  of  the  tube  head  was  similarly  examined  and  each  of  the  4  x-ray  units 
examined  in  the  same  manner.  The  third  Dosometer  was  used  as  a  control — 
the  control  was  placed  in  a  lead-lined  container  and  maintained  as  near  as 
possible  the  same  temperature  as  the  testing  Dosometers  on  the  tube  heads. 
The  control  Dosometer  only  gave  an  indication  of  the  drift  rate  of  the  meters 
during  the  experimentation  period.  The  reading  of  the  experimental  Dosom¬ 
eters  and  the  control  Dosometer  was  made  immediately  following  the  com¬ 
pletion  of  the  examination  of  each  side  of  the  tube  head,  which  would  be  after 
100  seconds  of  tube  usage.  In  each  case,  the  reading  on  the  exi)erimentation 
Dosometer  was  practically  identical  to  the  reading  of  the  control  Dosometer. 
With  this  information,  the  possibility  of  scatter  x-radiation  from  the  tube  head 
would  not  be  considered  to  be  a  contaminant  in  the  determination  of  the 
scatter  x-radiation  emanating  from  the  patient. 

The  investigation  of  scatter  x-radiation  emanating  from  the  walls  of  the 
cubicle  was  not  undertaken  in  this  study  since  this  subject  has  been  investi¬ 
gated  at  the  National  Bureau  of  Standards  by  Scott  W.  Smith.^  During  the 
experimental  procedures,  the  position  of  the  Dosometers  was  never  closer 
than  3  feet  to  any  wall.  Without  actual  determination  of  scatter  x-radiation 
from  the  leaded  walls,  this  factor  was  not  considered  as  a  contaminant  factor. 
This  interpretation  may  be  in  error  but,  since  funds  and  adequate  equipment 
were  not  available  for  investigating  this  phase  of  the  problem,  the  interprets^ 
tion  was  accepted  by  the  investigator. 
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The  investigation  of  scatter  x-radiation  from  the  dental  chair  and  other 
parts  of  the  x-ray  unit  other  than  the  tube  head  was  not  accomplished  because 
none  of  the  equipment  came  in  direct  contact  with  the  primary  beam  of  radi¬ 
ation  before  it  passed  through  the  patient,  except  for  the  chair  headrest.  The 
metal  support  of  the  headrest  was  in  the  primary  x-radiation  beam  in  some 
exposures  of  lower  posterior  teeth  when  using  the  8  or  9  inch  film-target 
distance  technics.  However,  the  Dosometer  was  always  positioned  in  such  a 
manner  as  to  have  the  patient’s  head  between  it  and  the  exposed  headrest, 
thus  tending  to  eliminate  any  direct  contamination  from  that  source. 


Fig.  3. — The  Dosometer  positioned  for  x-radiation  detection  during  dental  roentgenographic 

procedures. 


The  clinical  determination  of  scatter  x-radiation  emanating  from  the 
exposure  of  the  patient  to  the  direct  beam  of  x-radiation  was  routinely  and 
precisely  performed  in  the  same  manner  regardless  of  the  x-ray  unit  being 
used.  Four  dental  x-ray  units  used  in  this  study  will  be  designated  as  Unit  A, 
Unit  B,  Unit  C,  and  Unit  D. 

CUnical  Procedure. — The  roentgenographic  room  was  prepared  for  the 
patient’s  reception  by  x-ray  unit  testing  and  adjusting  and  preparation  of 
the  Dosometer  and  its  placement  in  the  adjustable  holder.  The  patient  was 
instructed  as  to  the  procedure  being  performed  and  prepared  for  the  x-radia¬ 
tion  exposure  as  shown  in  Fig.  3.  When  the  film  and  the  x-ray  tube  head  had 
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been  properly  positioned  and  adjusted,  immediately  prior  to  the  x-radiation 
exposure,  the  Dosometer  was  located  in  a  position  4  feet  from  the  floor,  at  a 
right  angle  to  the  direction  of  the  direct  beam  of  primary  x-radiation  and  at 
a  specified  distance  from  the  face  of  the  patient.  The  x-radiation  exposure 
was  made  and  the  procedure  duplicated  for  each  subsequent  exposure  for  each 
patient  during  that  clinical  period.  During  the  time  the  Dosometer  was  not 
in  actual  use,  and  between  patients,  it  was  retained  in  a  lead-lined  x-radiation 
safe  receptacle.  Most  of  the  readings  were  made  on  patients  receiving  a 
full-mouth  roentgenographic  survey,  and  Dosometer  readings  were  made 
following  its  use  with  each  patient,  as  well  as  at  the  end  of  a  clinical  period 
which  was  approximately  2V^  hours.  No  attempt  was  made  to  introduce 
corrections  for  temperature,  humidity,  and  meter  drift.  The  drift  factor  was 
not  calculated  because  the  longest  possible  period  between  readings  was  less 
than  21/^  hours. 


RESULTS 

Two  specific  dental  roentgenographic  technics  were  used  in  this  study 
and  they  will  be  designated  as  the  short  film-target  distance  technic  and  the 
long  film-target  distance  technic.  The  short  film-target  distance  technic  will 
designate  a  skin-target  distance  of  approximately  8  inches.  The  long  film- 
target  distance  technic  will  designate  a  skin-target  distance  of  17  inches. 

The  area  of  eoverage  by  the  primary  x-radiation  at  the  patient  tissue 
surface,  using  the  short  skin-target  distance  was  a  circle  4^^  inches  in  diam¬ 
eter  of  15.90  square  inches.  The  area  of  coverage  by  the  primary  x-radiation 
at  the  tissue  surface  using  the  long  skin-target  distance  was  a  circle  3  inches 
in  diameter  or  7.07  square  inches.  The  tabulation  of  the  findings  using  the 
short  film-target  distance  are  shown  in  Table  I,  the  findings  using  the  long 
film-target  distance  are  shown  in  Table  II.  The  tissue  Dosometer  distance 


T.vble  I 

Short  Film-Target  Distance 


X-RAY  UNIT 

TISSUE  DOSOMETER 
DISTANCE 
(INCHES) 

TOTAL  TIME 
( INTERMITTENT 
EXPOSURE.  SEC.) 

TOTAL  DOSOMETER 

reading 

(MR) 

.WERAGE  MR 

PER  4  SEC. 
EXPOSURE 

c‘ 

24 

1,240 

142 

0.46 

A 

24 

1,080 

120 

0.44 

A 

.30 

1,325 

147 

0.35 

B 

30 

1,440 

176 

0.49 

Table  II 

LtiNo  Film-Target  Distance 

TISSUE  dosometer 

TOTAL  TIME 

TOTAL  DOSOMETER 

AVERAGE  MR 

distance 

(INTERMITTENT 

READING 

PER  4  SEC. 

X-RAY  UNIT 

(inches) 

EXPOSURE,  SEC.) 

(MR) 

EXPOSURE 

A 

24 

1,371 

82 

0.24 

A 

30 

1,382 

50 

0.17 

B 

30 

1,200 

28 

0.09 

D 

54 

2,314 

28 

0.048 

D 

72 

2,457 

16 

0.026 
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indicates  the  distance  between  the  Dosometer  and  the  skin  during  x-radiation 
exposures.  The  total  time  designates  the  total  number  of  seconds  of  intermit¬ 
tent  exposures  made  and  the  total  Dosometer  reading  is  the  amount  of  x-radi¬ 
ation  detected.  The  average  milliroentgen  per  exposure  was  calculated  by 
using  an  arbitrary  exposure  time  of  4  seconds. 

The  scatter  x-radiation  detected  at  the  24-inch  distance  from  the  tissue, 
under  the  same  conditions,  varied  wdth  the  two  roentgenographic  technics 
used  in  this  study.  The  short  film-target  distance  technic  with  the  target-skin 
distance  of  8  inches  gives  a  calculated  reading  of  0.46  mr  and  0.44  mr  per 
4-second  exposure.  The  long  film-target  distance  technic  with  a  target-skin 
distance  of  17  inches  gives  a  calculated  reading  of  0.24  mr  per  4-second  ex¬ 
posure.  The  scatter  x-radiation  detected  at  the  00-inch  distance  from  the 
tissue  also  varied  with  the  two  roentgenographic  technics  used.  The  short 
film-target  distance  technic  with  the  target-skin  distance  of  8  inches  gives  a 
calculated  reading  of  0.35  mr  and  0.49  mr  per  exposure.  The  long  film-target 
distance  with  a  target-skin  distance  of  17  inches  gave  calculated  readings  of 
0.17  mr  and  0.09  mr  per  exposure.  However,  the  readings  of  Unit  B  in  Table 
I  and  Table  II  do  not  coincide  with  the  readings  obtained  with  the  other  units. 
This  wide  discrepancy  would  indicate  errors  in  the  use  of  this  unit.  The 
recordings  in  the  54-inch  and  72-inch  distances  only  indicate  the  decrease 
in  detection  of  scatter  x-radiation  as  the  distance  between  the  source  of  the 
scatter  x-radiation  and  the  detection  instrument  is  increased.  The  determina¬ 
tion  of  the  quality  of  the  scatter  x-radiation  recorded  by  this  study  was  not 
undertaken,  so  that  a  correlation  between  the  x-radiation  detection  findings 
in  this  study  and  total  body  x-radiation  from  scatter  x-radiation  cannot  be 
made. 


SUMMARY  OF  FINDINGS 

The  measurement  of  scatter  x-radiation  emanating  from  the  face  of  a 
patient  during  dental  roentgenographic  procedures  by  gross  x-radiation 
detection  equipment  shows  a  significant  amount  of  x-radiation  activity  within 
30  inches  of  the  area  being  irradiated.  The  decrease  in  detected  x-radiation 
with  the  greater  film-target  distance  and  smaller  irradiated  area  is  suffieient 
to  indicate  that  this  type  of  technic  is  very  advantageous  in  regard  to  scatter 
x-radiation.  The  variation  in  the  x-radiation  detected  w'ith  the  use  of  different 
x-ray  units  under  the  same  conditions  indicates  that  a  .study  of  the  x-radiation 
output  of  dental  x-ray  equipment  is  indicated.  Scatter  x-radiation  present 
during  dental  roentgenographic  procedures  is  at  a  sufficiently  high  level  to 
require  i)roteetive  measures  by  and  for  the  operator. 
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A  COMPARATIVE  HISTOLOGIC  STUDY  OF  HUMAN  PERIODONTAL 
STRUCTURES  UTILIZING  FLUORESCENCE  AND  VISIBLE  LIGHT 

MICROSCOPY 
ALVIN  C.  HILEMAN* 

Department  of  Oral  Pathology,  College  of  Dentistry,  The  Ohio  State  University, 

Columbus,  Ohio 

INTRODUCTION 

The  technique  of  detection  and  localization  of  certain  substances  in  tissues 
and  cells  by  virtue  of  their  fluorescent  properties  when  subjected  to  ultra¬ 
violet  irradiation  is  finding  increasing  application.  Some  materials  have  suffi¬ 
cient  intrinsic  or  autofluorescence  for  direct  visual  examination;  others  can 
be  made  to  fluoresce  by  impregnating  them  with  fluorescent  chemicals  called 
fluorochromes  or  fluors.  For  the  most  part,  the  use  of  fluors  is  limited  to  purely 
morphological  studies,  without  regard  to  their  chemical  nature.  Certain  cellular 
elements  exhibit  selective  absorption  of  the  fluorochromes,  depending  in  part 
on  tissue  preparation  and  pH  of  stain. 

In  many  cases,  fluorescence  microscopy  has  proved  itself  capable  of  yield¬ 
ing  more  clearly  differentiated  histologic  pictures  than  can  In'  achieved  by 
ordinary  methods.  It  is  a  specialized  method  designed  to  supplement,  not  super¬ 
sede,  other  histologic  methods. 

The  primary  purpose  of  this  investigation  was  to  determine  the  usefulness 
of  fluorescence  microscopy  in  histopathologic  studies  of  the  supporting  struc¬ 
tures  of  the  teeth.  Critical  comparisons  were  made  with  the  visible  light 
microscope  using  conventional  staining  techniques.  Collateral  studies  were 
made  of  the  maturation  of  oral  epithelium  in  benign  dyskeratosis  and  frank 
malignancy,  fluorescent  dye  penetration  of  human  gingiva,  and  exfoliative 
cytology  of  oral  epithelium,  and  will  be  reported  in  later  publications.  Numer¬ 
ous  fluorochrome  dyes  were  evaluated  at  various  concentrations  and  pH  values 
to  determine  their  usefulness  when  applied  to  various  types  of  biologic  material 
of  interest  to  the  dental  researcher. 

MATERIAL  AND  METHODS 

A.  The  Apparatus. — The  essentials  required  for  satisfactory  fluorescence 
microscopy,  utilizing  long  wave  length  ultraviolet  radiation,  are  an  intense 

This  study  represents  a  portion  of  a  thesis  submitted  by  the  author  in  partial  fulfillment 
of  the  degree  of  Master  of  Science,  The  Ohio  State  University. 
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source  of  radiation  in  the  near  ultraviolet,  a  system  of  filters  to  selectively 
pass  the  desired  wave  length  of  radiation,  and  a  conventional  monocular  hiho- 
ratory  microscope.  The  silver  substage  mirror  should  be  replaced  with  one 
of  aluminized  front  surface  construction. 

The  source  of  radiation  used  was  an  AIl-4  General  Electric  high  pressure 
mercury  vapor  lamp  of  100  watt  capillary  type,  operating  at  130  volts  and 
0.86  ampere.  This  bulb  has  a  total  outinit  of  3,500  lumens,  with  strong  radi¬ 
ation  in  the  violet  and  ultraviolet  regions,  particularly  at  3,650  angstrom  units. 
Starting  the  lamp  requires  a  special  reactive  ballast  transformer*  to  permit 
A.  C.  operation.  The  lamp  was  set  in  a  housing  chambert  and  centered  in 
relation  to  the  refieeting  mirror  behind  it.  The  distance  from  the  housing 
lens  to  the  lamp  is  adjastable  and  the  lamp  should  be  placed  at  the  most 
efficient  point  by  trial  observations.  Focusing  can  be  critical  and  tbe  use 
of  a  crayon  line  or  bright  spot  of  fiuor  may  be  helpful.®  After  lamp  adjust¬ 
ments  were  made,  the  lamp  housing  and  microscope  were  placed  on  a  board 
mount  and  secured  in  position  to  permit  rapid  use  and  maintenance  of  constant 
working  distances. 

The  lamp  housing  described  carries  an  adjustable  holder  for  filters.  Two 
filters  were  placed  at  the  lamp  housing.  The  firsts  was  designed  to  remove 
visible  radiation,  whereas  the  second§  removed  infrared  and  red  radiation. 
A  third  filter||  was  inserted  into  the  microscope  ocular  to  remove  stray  ultra¬ 
violet  radiation.  A  semidarkened  room  provides  ideal  working  conditions. 

There  are  no  filters  available  at  present  which  transmit  untraviolet  radia¬ 
tion  and  completely  absorb  the  visible  light.®  However,  there  are  varieties 
of  filters  which  transmit  the  ultraviolet,  violet,  and  red  more  or  less  freely 
and  which  absorb  strongly  in  the  blue,  green,  and  yellow  regions  of  the  visible 
spectrum.  These  filters,  like  all  others,  differ  greatly  among  themselves  both 
in  characteristic  absorption  and  in  thickness.  Considerable  technical  informa¬ 
tion  is  available  on  filters  used  in  this  type  of  research.®’ 

Photomicrographs  were  made  on  Daylight  Kodachrome  and  Panatomic-X 
black  and  white  film.  A  35-millimeter  single  lens  reflex  type  camera  was 
attached  to  the  mieroscoy)e  with  a  Novoflex  bellows  and  microscope  adapter 
ring.  A  highly  sensitive  photovoltmeterll  was  used  to  calibrate  the  amount 
of  light  energy  b(‘ing  emitted  at  the  mieroseope  exit.  Records  were  made  of 
many  light  readings  at  the  time  of  film  exposure.  Trial  black  and  white  strips 
were  made  to  determine  a  uniform  pattern  of  exposures  at  various  microscopic 
magnifications. 

Be<’ause  of  the  low  intensity  of  the  fluorescent  image,  exposures  are  much 
longer  than  for  noi’inal  photography.  Exposures  varied  from  5  to  15  minutes 

•American  Optical,  Model  395T. 

tAnierican  Optical.  Model  390. 

tNo.  5840,  2-Inch  red-ultra,  Corning  Olaaa  Co. 

lA  2-Inch  tiMue  culture  flaak,  %  Inch  thick,  containinu  an  8  per  cent  aqueous  solution 
of  copper  sulfate  and  3  drops  of  concentrated  sulfuric  acid. 

IlWratten  2-B.  Series  4,  Ektstman  Kodak  Co. 

1  Model  514  M,  Photovolt  Corp. 
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with  Panatomic-X.  Kodachrome  exposures  were  usually  15  to  20  minutes. 
Some  high  i)owers  were  extended  to  45  minutes  with  good  success.  Radiation 
measurements  with  the  voltmeter  were  not  found  useful  in  determining  photo¬ 
graphic  exposures. 

At  high  magnification  it  was  often  necessary  to  reflect  visible  light  through 
the  microscope  in  order  to  obtain  critical  focusing  of  the  specimen  on  the 
ground  glass  viewer  of  the  camera. 

B.  Preparation  of  Material. — Upper  anterior  teeth  and  associated  periodontal 
structures  were  obtained  from  patients  who  were  undergoing  full  mouth  ex¬ 
tractions  and  ridge  preparation  for  dentures.  Extreme  care  was  taken  not  to 
disturb  the  exact  relation  of  the  tooth  and  wedge  of  supporting  tissue  being 
removed.  The  specimen  was  fixed  immediately  in  10  per  cent  neutral  formalin, 
as  this  solution  does  not  affect  secondary  fluorochroming  procedures.  Previous 
workers  have  reported  that  fixatives  containing  salts  of  heavy  metals  fluoresce 
when  subjected  to  ultraviolet  radiation.®-  " 

Decalcification  was  carried  out  with  5  per  cent  nitric  acid.  The  sections 
were  prepared  for  paraffin  embedding  according  to  usual  technics.  Two  hun¬ 
dred  sections  from  five  specimens  were  prepared  and  attached  to  regular  glass 
slides,  using  a  starch  solution  rather  than  albumen  as  an  adhesive,  as  the  latter 
is  known  to  exhibit  fluorescent  properties.®® 

Prior  to  staining,  the  paraffin  sections  were  placed  in  xylol  for  20  minutes. 
They  were  then  passed  through  absolute  alcohol,  95  per  cent  alcohol,  and  70 
per  cent  alcohol  for  one  minute  each.  After  10  minutes  in  distilled  water,  fluor- 
ochromation  was  performed. 


C.  Staining. — A  whole  series  of  anodic,  cathodic,  and  electroneutral  fluor- 
ochromes  were  tested  at  various  pH  values  ranging  from  1.4  to  10.0.  The  fluors 
used  in  this  .study  were  as  follows: 


Acridine  orange 
Acridine  yellow 
Berberine  sulfate 
Fluorescein 
Rhodamine  B 


Acid  fuchsin 
Acriflavine 
Thioflavine 
Congo  rwl 
Neutral  re<l 


For  complete  technical  data  on  the  color  index,  type,  coloi*s,  uses,  and 
source  of  supply,  the  reader  is  referrcHi  to  an  appropriate  text.®*  The  dyes 
were  used  in  concentration  from  1:1,000  to  1:10,000  in  distilled  water  or 
buffer  solutions  at  the  respective  pH  desired.  Table  I  provides  technical  data 
concerning  the  preparation  of  the  buffers.  During  the  early  part  of  the 
investigation,  several  buffers  in  the  low  pH  range  caused  precipitates  with 
the  fluor.  This  was  overcome  by  changing  the  method  of  preparation  in 
every  instance.  Staining  time  varied  from  to  -0  minutes.  The  duration 
of  staining  did  not  seem  to  have  as  much  effect  as  the  strength  of  the  stain. 
The  1 :5,000  concentration  proved  effective.  Fresh  .solutions  were  pi*eparetl 
from  a  supply  bottle  of  concentrate  every  few-  days. 

If  the  section  was  to  be  stained  in  combination  with  a  buffer  solution, 
it  was  immersed  in  the  proper  buffer  for  2  minutes,  so  the  tissues  might  l)eeome 
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Table  I 

Buffer  Solutions  and  System  Used  in  Preparation 
(Clarke  &  Looses  Standard  Buffers) 


pH  1 

SYSTEM  USED 

1.4 

0.2N  HCl  and  0.2N  KCl 

2.2 

0.2N  HCl  and  0.2N  KCl 

3.6 

M/5  acetic  acid  and  M/5 
sodium  acetate 

4.4 

M/5  acetic  acid  and  M/5 
sodium  acetate 

5.0 

M/15  monopotassium  and 
disodium  phosphates 

6.0 

NaOH  and  KH2P04 

7.0 

NaOH  and  KH2P04 

8.0 

NaOH  and  H3B03 

10.0 

NaOH  and  H3B03 

the  same  value  as  the  buffer.  It  was  removed  and  stained  with  a  dye  solution 
of  similar  pH.  Usually  a  concentration  of  1 :5,000  was  employed  for  2  to 
three  minutes.  With  some  fluoroehromes,  a  longer  staining  time  was  em¬ 
ployed. 

Excess  stain  was  washed  from  the  specimen  with  buffer  solution  or  distilled 
water.  A  few  drops  of  buffer  or  distilled  water  was  applied.  The  cover 
slip  was  pressed  firmly  to  place  with  blotter  paper.  The  edges  were  then 
sealed  with  hot  paraffin  wax. 

Best  results  were  obtained  by  using  fresh  wet  sections,  and  examining 
them  the  same  day  of  preparation.  Sections  were  stored  for  weeks  in  Coplin 
jars  with  distilled  water.  It  was  noted,  however,  that  many  of  these  specimens 
lost  some  of  their  original  fluorescence.  This  was  apparently  due  to  alterations 
in  the  dye  concentration. 

Various  types  of  permanent  mounts  have  been  described.®’  Isobutyl 
methacrylate  was  prepared  for  this  purpose.  However,  the  need  to  dry  the 
tissues  prior  to  application  of  such  a  liquid  plastic  material  revealed  gross 
artefacts,  when  compared  with  fresh  specimens.  The  refractive  index  of  meth¬ 
acrylate  is  preferable  to  water  for  high  powers,  but  the  degree  of  morphological 
distortion  rendered  it  impractical.  Some  of  these  permanent  mounts  were  exam¬ 
ined  after  6  months.  The  dye  color  appeared  to  remain  intact  over  this  period, 
but  when  ultraviolet  irradiation  was  applied,  a  rapid  fluorescence  fatigue  was 
observed.  This  fatigue  was  not  as  marked  on  fresh  or  stored  wet  specimens. 
Long  photographic  exposures  were  mandatory.  Fluorescence  fatigue  thereby 
lieeomes  a  serious  problem  in  registration  of  color. 

Oil  and  glycerin  were  tried  as  mounting  media.  Color  values  were  excel¬ 
lent  with  oil,  yet  the  cells  appeared  shrunken  and  distorted  in  many  instances. 
Glycerin  exhibited  marked  fluorescence  and  was  discarded. 

Comparative  studies  were  made  using  staining  methods  routinely  used 
in  visible  light  microscopy,  namely,  hematoxylin  and  eosin  and  Mallory’s 
triple  connective  tissue  stain. 


THE  EXPERIMENTAL  RESULTS 


The  periodontal  structures  were  observed  in  their  natural  state  (primary 
fluorescence)  before  addition  of  a  fluorochrome.  Differentiation  of  tissue  or  cell 
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types  was  not  satisfactory  prior  to  staining  and  fluorescence  colors  appeared 
weak.  Table  II  gives  a  general  summary  of  the  primary  fluorescence  colors 
noted  for  the  various  tissue  elements. 


Table  U 

Pkimaby  Fluobescence  Colors  of  the  Periodontal  Structxhies 
(decalcified  paraffin  sections,  mounted  in  distilled  water) 


Gingival 

Epithelium 

cytoplasm — gray-blue 
nuclei — dark  purple- blue 
keratin — light  blue 

Connective 

Tissue  Fil)ers 

libers — purple 
nuclei — light  blue 

Free  Blood  Cells 
and  Macrophages 

light  blue 

Vascular  Walls 
and  Contents 

walls — same  as  connective  tissue  fibers 
contents — light  blue 

Cementum 

robin 's-egg  blue 

Secondary  or 

Dental  Cuticle 

light  blue 

Alveolar  Bone 

dark  gray-blue 

Epithelial  Rests 

not  distinguishable 

Calculus 

brownish-blue 

Other 

enamel  matrix — gray-blue 
dentin — dark-blue 

The  entire  series  of  fluorochromes  was  applied  in  varying  pH  solutions 
to  determine  the  fluor  of  choice  for  the  tissue  elements  comprising  the  perio¬ 
dontium.  As  noted  by  other  w'orkers,  the  basic  fluor,  acridine  orange,  was 
very  useful  for  selective  diiferentiation  of  tissue  elements.'* '  Very  subtle 
color  differentiation  was  noted  with  this  dye  stuff  at  certain  pH  values,  which 
was  apparently  related  to  the  isoelectric  points  of  these  tissues.  From  pH  1.4 
to  3.6,  a  weak  greenish-blue  color  was  noted.  This  is  similar  to  the  primary 
fluorescence  of  the  tissue.  At  pH  4.4,  a  bright  orange  fluorescence  was  noted 
on  structures  that  show  heavier  absorption  (e.g.,  blood  cells,  cuticular  struc¬ 
tures,  nuclei,  dentin-cementum  junction).  At  pH  5.0  and  6.0,  the  selectivity 
was  about  the  same  except  for  increased  intensity  of  color.  Table  III  presents 
the  secondary  fluorescence  colors  noted  at  pH  5.0.  This  table  is  a  representative 
cross  section  of  observations  from  many  slides.  From  pH  6.0  to  pH  10.0,  all 
structures  absorbed  heavily,  giving  a  brilliant  fluorescence  with  less  differen¬ 
tiation  of  elements.  This  evidently  corresponds  to  the  concentration  effect  of 
the  dye  when  in  molecular  solution  rather  than  dissociated  into  ions.'® 

Berberine  sulfate  exhibited  similar  staining  properties  to  those  shown 
by  acridine  orange,  the  fluorescence  image  being  an  intense  yellow.  However, 
differential  selectivity  at  varying  pH  values  was  not  as  definite. 

An  interesting  combination  of  fluors  was  discovered  after  many  trials. 
Congo  red  at  pH  6.0  was  applied  for  2  minutes.  This  was  rinsed  in  distilled 
water,  after  which  berberine  sulfate  was  applied  for  2  minutes  at  the  same 
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Table  III 

Secondary  Fluorescence  Colors  op  the  Periodontal  Struci'ures 
(decalcified  paraffin  sections,  mounted  in  pH  5.0  BUFFER  SOLUTION  AFTER  STAINING  WITH 
ACRIDINE  ORANGE  1:5,000,  pH  5.0) 


Gingival 

Epithelium 


Connective 
Tissue  Fibers 


cytoplasm — strong,  yellow-orange 
nuclei — medium,  greenish-yellow 
keratin — strong,  clear  yellow 

medium  purplish-brown  fibers ;  faint 
orange  nuclei  in  some  areas 


Free  Blood  Cells 
and  Macrophages 


strong  whitish-orange 


Vascular  Walls 

and  Contents  endothelial  nuclei — strong  yellow 

Cement um  medium  orange-green;  precementum — 

green;  cementodentin  junction — 
bright,  clear  orange 


Secondary 

Cuticle 

Alveolar  Bone 

Epithelial  Bests 
Calculus 


strong,  clear  orange 

medium  green  with  medium  orange 
striations  denoting  lamellar  apposition; 
osteoid — strong  orange 

strong,  yellow-orange 

strong,  brownish-orange 


Other 


enamel  matrix — yellow-white;  dentin — 
medium  greenish-orange;  predentin — 
clear  green;  odontoblasts — light  tan 


pH.  This  combination  stained  the  eonnective  tissue  fibers  a  deep  blue-red, 
making  an  exeellent  contrast  to  the  bright  yellow  epithelial  and  cuticular 
structures.  The  blood  cells  fluoresced  a  bright  yellow-white.  Lamellar  pat¬ 
terns  of  cortical  bone  were  readily  noticeable.  The  marrow  elements  fluoresced 
bright  yellow  to  blue-gray.  Cementum  appeared  similar  to  bone  except  for 
a  more  speckled  appearance. 

The  remaining  fluors  did  not  exhibit  suitable  differentiation;  several  ex¬ 
hibited  a  brilliant  over-all  fluorescence  (fluorescein,  acriflavine,  rhodamine  B). 

The  basis  of  fluorescence  microscopy  is  the  selectivity  of  tissues  to  the  fluor- 
ochrome  utilized  and  its  subsequent  color  image  in  the  microscope.  Color 
plates,  therefore,  would  be  very  helpful  in  describing  the  phenomenon.  How¬ 
ever,  certain  features  can  be  distinguished,  as  will  be  noted  in  the  following 
black  and  white  photomicrographs  from  both  the  fluorescence  microscope  and 
visible  light  microscope. 

Fig.  1  is  a  fluorescence  photomicrograph  of  tissue  from  the  gingival  sulcus, 
stained  with  acridine  orange  at  pH  5.0,  registered  on  black  and  white  film. 
Epithelial  and  associated  cuticular  structures  are  easily  differentiated  from  the 
underlying  mesenchymal  elements.  The  color  and  intensity  of  this  image 
is  described  in  Table  III.  Fig.  2  illustrates  at  higher  magnification  the  cutic¬ 
ular  portion  of  the  epithelial  attachment  in  relation  to  the  cementum.  The 
cuticle  fluoresces  a  strong  clear  orange. 

Another  specimen  of  attached  gingiva,  sulcus,  and  tooth  is  illustrated  in 
Fig.  3.  Here  the  cuticular  attachment  to  the  cementoenamel  junction  may  be 
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Fig.  1. — Gingival  sulcus.  Note  torn  epithelial  attachment  cells  with  cuticle  adhering 
to  exposed  portion  of  dentin  between  enamel  space  and  cementum.  (Acridine  orange,  pH  5.0  : 
orig.  mag.  xlOO;  fluorescence  microscope.) 

Fig.  2. — High  power  of  enclosed  area  from  Fig.  1.  Note  cuticular  material  adhering  to 
tooth.  (Orig.  mag.  X<40. ) 

Fig.  3. — Gingival  sulcus.  Note  cementoenamel  Junction,  cuticle  extending  upward  denot¬ 
ing  outline  of  enamel  prior  to  decalciflcation,  torn  epithelial  cells;  (Acridine  orange,  pH  5.0; 
orig.  mag.  X40 ;  fluorescence  microscope.) 

Fig.  4. — High  power  of  enclosed  area  from  Fig.  3.  Note  selectivity  of  remnants  of  en¬ 
amel  matrix  for  the  fluorochrome.  (Orig.  mag.  X440.) 


HILEMAN 


Fig.  5. — ^Area  apical  to  bottom  of  gingivai  sulcus.  Epithelial  attachmeni  torn  in  proc¬ 
essing.  Note  cementoenamel  Junction  with  epithelial  cells  outlining  former  enamel  surface. 
(Hematoxylin  and  eosin;  orlg.  mag.  XlOO ;  visible  light  microscope.) 

Fig.  6. — High  power  of  enclosed  area  from  Fig.  5.  The  most  apical  extent  of  the  epithe¬ 
lial  attachnient  cells.  Note  presence  of  flattened  nuclei  against  the  cementum.  (Orig.  mag. 
X440.) 

Fig.  7. — Gingival  sulcus.  Epithelial  attachment  located  on  cementum.  Note  ulceration  of 
pocket  epithelium  and  inflammatory  inflltration  of  corium.  (Hematoxylin  and  eosin;  orig. 
mag.  XlOO;  visible  light  microscope.) 

Fig.  8. — High  power  of  another  portion  of  section  used  in  Fig.  7.  Note  flattened  nuclei 
adjacent  to  cementum  and  projections  of  cuticular  material  extending  into  the  irregularities  of 
the  cementum.  (Orig.  mag.  X440.) 
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seen  very  well.  The  epithelium  of  the  sulcus  is  ulcerated  and  disorganized. 
A  chronic  inflammatory  reaction  is  present  in  the  corium.  Fig.  4  shows  a 
higher  power  of  the  cementoenamel  junction,  the  secondary  cuticle,  and  rem¬ 
nants  of  the  enamel  matrix. 

Fig.  5  illustrates  another  periodontal  section  stained  with  hematoxylin 
and  eosin  and  photographed  in  visible  light.  The  epithelial  attachment  has 
been  tom  from  the  cementum  in  processing.  Fig.  6  is  a  high  power  of  the 
epithelial  attachment  cells  nearest  to  the  apex  noted  in  Fig.  5.  Figs.  7  and  8 
illustrate  a  similar  specimen  prepared  for  the  visible  light  microscope  with 
hematoxylin  and  eosin  staining.  The  identiflcation  of  both  cytoplasmic  and 
nuclear  elements  is  more  specific.  The  increased  radiation,  that  is  available 
with  visible  light,  permits  greater  resolution  of  fine  cellular  details  than  was 
realized  with  fluorescence  microscopy  of  similar  sections. 


Pig-  9. — Nest  of  epithelial  ceils  in  the  periodontal  membrane.  Dark  nuclear  halo  sur¬ 
rounded  by  moderately  bright  yellow  fluorescence  of  cytoplasm.  (Acridine  orange.  pH  5.0; 
orlg.  mag.  X440;  fluorescence  microscope.) 

Fig.  10. — Nest  of  epithelial  cells  in  the  periodontal  membrane.  Cementum  surface  on  the 
right.  (Hematoxylin  and  eosin;  orlg.  mag.  X440:  visible  light  microscope.) 

A  nest  of  epithelial  cells  in  the  periodontal  membrane  is  shown  in  Fig.  9. 
These  stand  out  rather  brightly  in  most  instances,  especially  when  tending 
to  be  more  keratinized  or  calcified.  Fig.  10  illustrates  a  similar  epithelial  rest 
prepared  for  visible  light  observation.  Here  again,  nuelear  and  eytoplasmic 
detail  is  more  clearly  differentiated.  However,  the  selectivity  of  these  epithelial 
cells  to  fluorochromation  renders  them  readily  noticeable  when  viewed  against 
the  darker  background  of  the  connective  tissue  structures  comprising  the 
periodontal  membrane. 

A  calcified  pulp  stone  and  vascular  channels  of  the  pulp  are  noted  in 
Fig.  11.  The  stone  fluoresced  a  brilliant  orange.  The  vascular  contents  ex¬ 
hibited  a  bright  blue-white  color.  This  selective  absorption  of  the  fluorochrome 
by  the  blood  cells  gave  the  impression  that  pulp  circulatory  studies  could  be 
efficiently  performed  with  this  technic. 
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DISCUSSION 

All  attempt  was  made  to  correlate  morphology  and  fluorescence  staining 
colors  with  the  clinical  diagnosis  made  jirior  to  the  surgical  removal  of  the 
tooth  and  attached  periodontal  structures.  This  correlation  was  found  to  be 
impossible,  as  interpretation  of  minute  cellular  elements,  especially  of  the  soft 
connective  tissues,  was  found  to  be  too  speculative.  A  critical  evaluation  of 
stains  and  staining  technics  necessary  for  improved  secondary  fluorescence 
images  was  carried  out  to  provide  useful  information  for  studies  of  the  several 
tissue  types  of  the  tooth  and  attached  periodontium. 


Pigr.  11. — Pulp  stone  and  vascular  channels  of  adult  pulp.  Calcified  stone  fiuoresces 
brilliant  orange;  the  blood  cells  blue-white.  (Acridine  orange,  pH  5.0;  orig.  inag.  X440 ; 
fiuoresoence  microscope.) 


There  are  certain  advantages  to  the  fluorescence  technic.  The  staining 
procedure  can  be  quickly  performed.  Stain  absorption  is  easily  regulated  by 
adjusting  the  pH  of  the  staining  soluation.  The  resulting  colors  also  depend 
upon  dye  concentration.  Usually  it  is  only  necessary  to  use  a  single  fluorescent 
stain  in  order  to  produce  a  structural  differentiation,  which  is  invariably 
far  superior  to  that  which  would  have  been  obtained  from  using  a  single 
diachrome.  In  some  instances,  the  differentiation  obtained  is  superior  to  multi¬ 
ple  diachromatie  methods. 

As  noted  earlier,  primary  fluorescence  of  unstained  sections  was  not  signifi¬ 
cant.  However,  this  effect  must  always  be  taken  into  consideration,  when 
evaluating  secondary  fluorescence  colors.  For  studies  involving  penetration  of 
fluorescent  chemicals,  intravital  injections,  or  localization  of  pigments,  a  com¬ 
plete  knowledge  of  the  primary  fluorescence  of  the  tis.sues  under  oliservation 
is  imperative. 
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It  is  generally  believed  that  different  kinds  of  tissues  glow  in  different 
colors,  depending  upon  their  chemical  structure.®  Further,  the  color  and 
intensity  of  fluorescence  depends  upon  the  relative  basophilia  and  acidophilia 
of  the  individual  cellular  elements,  and  upon  the  nature  of  the  fluorochrome. 
This,  of  course,  explains  the  difference  in  absoi*ption  noted  at  various  pll 
values.  Information  as  to  the  chemical  nature  of  the  cellular  elements  under 
study  remains  speculative. 

The  problems  of  interpreting  the  resultant  colors  after  fluorochromation  are 
many.  The  following  factors  must  l)e  considered:  the  thickness  of  the  prepa¬ 
ration,  the  dyestuff,  the  concentration  and  pH  of  the  dyestuff,  the  source  of 
radiation,  filters,  and  the  color  value  interpretation  of  the  individual  observer. 

Attemps  have  been  made  by  some  workers  to  register  fluorescence  colore. 
Hals  developed  an  elaborate  color  plate  for  isoelectric  point  determination 
of  the  developing  tooth  germ.^  His  registrations  were  made  photographically 
using  the  same  microscope,  the  same  film,  and  uniform  processing  procedures. 
Bennett  developed  a  master  color  circle  in  which  all  colors,  their  intensity, 
and  hue  would  supposedly  fit.* 

Spectroscopic  analysis  of  fluorescent  images  is  probably  the  most  logical 
approach  to  the  problem.  Undoubtedly,  as  sources  of  radiation  improve,  such 
measurement  of  fluorescence  will  be  more  practical.  Dickson,  Forziati,  and 
Schoonover  offer  encouraging  developments  along  these  lines.* 

The  most  outstanding  feature  of  this  investigation  was  the  marked  clarity 
of  the  epithelial  attachment  cuticle.  The  brightness  of  the  fluorescence  of  this 
structure,  in  contrast  to  that  of  the  adjacent  epithelium  and  cementum,  was 
very  noticeable.  The  use  of  increased  intensity  of  radiation  together  with  thin¬ 
ner  sections  and  different  mounting  media  would  permit  higher  resolution  of 
this  system. 

SUMMARY 

Human  periodontal  structures  were  sectioned  and  stained  for  histologic 
observations  with  both  fluorescence  and  visible  light  microvscopic  technics. 

Primary  fluorescence  of  unstained  sections  of  periodontal  .structures  is 
unsatisfactory  for  histologic  study. 

Separate  and  combined  fluorochromes  were  utilized  at  varying  pH  values 
to  determine  the  most  efficient  technics  applicable  to  this  type  of  research. 
Fluorchromation  of  histologic  sections  of  the  periodontium  reveals  interesting 
secondary  fluorescence  colors.  These  colors  differ  according  to  pH  values 
of  the  stain. 

The  attachment  of  the  secondary  cuticle  to  the  cementum  surface  is  clearly 
revealed  by  the  fluorescence  microscope.  Similar  sections  prepared  with  hema¬ 
toxylin  and  eosin  and  Mallory’s  triple  connective  tissue  stains  and  examined 
by  visible  light  microscopy  do  not  show  differentiation  of  the  cuticle-cemental 
interface  as  well. 

Morphological  details  of  the  cellular  elements  of  connective  tissues  were 
better  differentiated  with  conventional  staining  methods  utilized  in  visible 
tight  microscopy. 
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School  of  Medioine  and  Dentistry,  University  of  Rochester,  Rochester,  N.  Y. 

The  experimental  studies  of  Geiger,  Steenbock,  and  Parsons^  and  Ponseti 
and  Shepard*  have  shown  that  certain  connective  tissues,  and  in  particular 
bone,  cartilage,  and  aortic  wall,  are  greatly  affected  by  the  seeds  of  Lathyrus 
odoratus.  Subsequent  investigations  identified  the  toxic  factor  in  these  seeds 
to  be  beta-aminopropionitrile.*’  *•  * 

With  the  exception  of  enamel,  the  tissues  of  the  tooth  are  of  mesodermal 
origin.  Since  beta-aminopropionitrile  is  known  to  exert  profound  effects  upon 
connective  tissues,  knowledge  of  its  effects,  if  any,  upon  these  types  of  meso¬ 
dermal  tissue  would  be  of  interest.  In  this  paper  the  effects  of  beta-aminopro- 
pionitrile  upon  the  molar  teeth  of  the  weanling  rat  will  be  reported. 

MATERIALS  AND  METHODS 

The  materials  used  in  this  study  are  the  same  as  those  used  in  a  previous 
investigation®  in  which  the  effects  of  beta-aminopropionitrile  on  certain  oral 
structures  were  studied.  Briefiy,  70  male  and  female  weanling  rats  were  divided 
into  control  and  experimental  groups.  All  animals  were  fed,  ad  libitum,  a 
synthetic  diet;  0.2  per  cent  beta-aminopropionitrilef  was  added  to  the  diet  of 
the  experimental  rats.  Fresh  batches  of  diet  were  prepared  every  7  to  10  days, 
and  each  time  freshly  distilled  beta-aminopropionitrile  was  used. 

Control  and  experimental  animals  were  killed  after  3,  6,  9,  13,  17,  23,  and 
28  days  on  the  diet.  On  each  of  these  days,  5  control  and  5  experimental  ani¬ 
mals  were  used.  The  oral  cavity  was  examined  grossly  and  then  one  half  of 
the  mandible  was  fixed  in  Bouin ’s  fluid,  decalcified  in  a  mixture  of  equal  amounts 
of  45  per  cent  formic  acid  and  20  per  cent  sodium  citrate,  embedded  in  paraffin, 
.sectioned  and  stained  with  hematoxylin  and  eosin,  with  van  Gieson’s  stain,  and 
Foot’s  silver  stain. 

By  the  use  of  an  ocular  micrometer  the  following  measurements  were  made 
for  the  purpose  of  quantitative  comparisons  between  the  two  groups  of  animals : 
(a)  the  length  of  the  distal  root  of  the  first  molar  from  the  cementoenamel 

This  investigation  was  supported  by  grant-in-aid  No.  GF-4779-C2  from  the  National  In¬ 
stitute  of  Dental  Research  of  the  National  Institutes  of  Health,  Public  Health  Service. 
Received  for  publication  May  26,  1958. 

•U.  S.  Public  Health  Service  Postdoctoral  Research  Fellow  of  the  National  Institute  of 
Dental  Research.  Present  address:  Dept,  of  Pathology,  Scnool-  of  Dentistry,  University  of 
Pennsylvania,  Philadelphia,  Pa. 

tThe  beta-aminopropionitrile  was  generously  supplied  by  Dr.  Robert  D.  Coghill,  Director 
of  Research,  Abbott  Laboratories,  North  Chicago,  Ill. 
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junction  to  the  apical  foramen,  (b)  the  thickness  of  the  dentin  and  predentin  at 
the  level  of  the  cementoenamel  junction,  and  (c)  the  greatest  thickness  of  the 
cellular  cementum.  Only  when  the  microscopic  section  was  through  the  pulp 
chamber,  root  canal,  and  apical  foramen  were  measurements  made.  The  distal 
root  of  the  first  molar  was  preferred  because  it  satisfied  the  above  requirements 
in  most  of  the  sections.  Since  enamel  formation  is  not  a  continuous  process, 
the  cementoenamel  junction  can  be  considered  as  a  fixed  point  and  the  measure¬ 
ments  are,  therefore,  comparable. 


Fig:.  !• — Apical  area  of  first  molar  root  of  a  34-day-old  normal  rat  (Hematoxylin  and  eosin.) 


OBSERVATIONS 

Gross  examination  did  not  reveal  any  abnormalities  of  the  enamel  of  the 
experimental  rats.  At  the  beginning  of  the  experiment  the  first  two  molars  had 
already  erupted.  It  was  noted  that  the  third  molar  erupted  at  the  same  time  in 
experimental  and  control  animals  (approximately  on  the  thirty-fifth  day). 

Microscopically,  no  abnormalities  could  be  observed  in  the  molar  teeth  of 
the  rats  killed  after  3  and  6  days  on  the  diet.  However,  in  the  experimental  rats 
killed  on  the  thirteenth  experimental  day,  changes  were  evident  in  the  apical 
region  of  the  root  of  the  first  and  second  molars.  In  normal  rats  of  this  age, 
both  dentin  and  cellular  cementum  end  at  the  root  apex  in  a  point,  which  is 
almost  at  the  same  level,  the  cellular  cementum  covering  only  the  external  surface 
of  the  dentin.  From  the  apical  end  of  the  junction,  between  dentin  and  cellular 
cementum,  the  two-layered  epithelial  diaphragm  arises.  It  projects  in  a  hori¬ 
zontal  direction,  thus  narrowing  the  apical  foramen  (Fig.  1).  In  the  apical 


Plgr.  2. — Apical  area  of  a  first  molar  root  of  a  84-day-old  rat  receiving:  beta-aminopro- 
pionitrile  for  18  days.  The  dentin  contains  cells,  the  cellular  cementum  covers  the  apical 
surface  of  the  dentin,  and  a  reco^izable  epithelial  diaphra^  is  absent,  (Hematoxylin  and 
eosin. ) 


A  recognizable  epithelial  diaphragm  was  absent  and  the  cellular  cementum 
covered  not  only  the  periodontal  but  also  the  apical  surface  of  the  thickened 
dentin.  Thus,  the  apex  of  the  root  was  formed  by  cementum  only  (Fig.  2). 
These  changes  were  accompanied  by  a  possible  decrease  in  root  length  and  in 
the  thickness  of  cellular  cementum.  For  some  reason,  which  we  are  unable  to 
explain,  the  differences  in  root  length  and  thickness  of  cellular  cementum  could 
not  be  seen  in  the  rats  killed  after  23  days  on  the  diet  (Table  I). 

We  have  reported  that  in  experimental  lathyrism  the  fibers  of  the  perio¬ 
dontal  membrane  exhibit  a  loss  of  their  coarse  fibrillar  appearance  and  charac¬ 
teristic  orientation.  Instead  they  appear  to  consist  of  very  fine  fibrils,  which 
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Table  I 


Effects  of  Beta-Aminopbopionitrile  on  Boot  Length  and  Thickness  of  Cementum, 

Dentin,  and  Predentin 


DAYS  ON 
DIET 
EXPTL. 

length  op  distal 

ROOT  OF  FIRST 
MOLAR  IN  MM. 

THICKNESS  OF 
CELLULAR 
CEMENTUM  IN 
MICRONS* 

THICKNESS  OF 
DENTIN  AT  CEjf 

IN  MICRONS 

THICKNESS  OF 
PREDENTIN  AT  CEjJ 
IN  MICRONS 

1  CONTROL 

1  EXPTL. 

1  CONTROL  1 

EXPTL. 

CONTROL 

1  EXPTL.  1 

CONTROL  1 

EXPTL. 

3 

1.3 

1.3 

136 

136 

8 

6 

1.4 

1.3 

143 

136 

11 

8 

1.4 

1.3 

150 

150 

11 

8 

1.3 

150 

8 

1.4 

170 

8 

6 

1.4 

1.2 

170 

163 

6 

6 

1.4 

1.3 

170 

170 

6 

6 

1.5 

1.3 

170 

170 

8 

6 

13 

1.6 

1.3 

79 

47 

218 

204 

5 

5 

1.6 

1.5 

83 

47 

245 

218 

5 

5 

1.7 

1.5 

86 

55 

245 

218 

8 

6 

1.5 

55 

231 

8 

23 

1.4 

1.4 

58 

55 

211 

211 

5 

5 

1.5 

1.6 

60 

82 

272 

238 

6 

5 

1.6 

1.7 

79 

86 

286 

306 

6 

28 

1.9 

1.3 

77 

50 

224 

218 

3 

3 

2.0 

1.6 

86 

63 

252 

258 

5 

6 

2.0 

1.7 

93 

63 

265 

272 

6 

6 

2.1 

1.8 

107 

74 

326 

279 

6 

*ln  rats  sacrificed  on  the  third  and  sixth  experimental  day,  cellular  cementum  was 
either  present  in  very  small  amounts  or  entirely  absent. 
tCEU — Oementoenamel  Junction. 


have  no  definite  orientation  and  are  embedded  in  increased  amounts  of  an 
amorphous  eosinophilic  material  surrounded  by  palisading  fibroblasts®  (see 
Fig.  6).  With  the  silver  and  van  Gieson  stains,  these  areas  gave  reactions  con¬ 
sistent  with  the  presence  of  collagen  fibers.  We  do  not  know  whether  this 
material  is  related  to  bone  or  cementum  matrix. 

In  contrast  to  the  above  observations,  the  structure  of  the  dentin  in  the 
coronal  part  of  the  roots  and  in  the  crown  of  the  first  and  second  molars  of 
the  experimental  rats  was  similar  to  those  of  the  controls  (Fig.  3).  The  thick¬ 
ness  of  the  dentin  and  predentin  at  the  cementoenamel  junction  was  the  same 
in  both  groups  of  animals  (Table  I).  Similarly,  the  hematoxylin  and  eosin,  van 
Gieson,  and  silver  stains  revealed  no  abnormality  in  the  dental  pulp.  The  odon¬ 
toblasts,  pulpal  fibroblasts,  and  the  argyrophilic  fibers  were  normal  in  numbers, 
appearance,  and  arrangement. 

The  changes  seen  in  the  apical  region  of  the  roots  of  the  first  and  second 
molars  of  the  experimental  rats  were  absent  in  the  third  molars  of  all  groups 
of  these  animals.  The  dentin,  cementum,  and  epithelial  diaphragm,  and  the 
odontoblasts,  pulpal  fibroblasts,  and  argyrophilic  fibers  of  the  pulp  of  these 
teeth  did  not  present  any  abnormality  (Fig.  4).  The  periodontal  membrane  of 
the  third  molar  was  also  free  of  any  change. 

Since  enamel  formation  of  the  molar  teeth  was  completed  before  the  be¬ 
ginning  of  the  feeding,  the  effects,  if  any,  of  beta-aminopropionitrile  on  amelo- 
genesis  could  not  be  studied. 


..on  f  I-  f5f  '2rJ.f..‘'-|h?TuKra'„!“?K 


ti«v«  a  34-day-old  rat  receiving  beta-aminopropionitrlle  for 

rnn^nyTiJ*  Probably  formed  durinjr  the  experimental  period.  The  number  and  a 

rangrement  of  the  argryrophillc  flbers  of  the  pulp  appear  normal.  (Silver  stain.) 
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DISCUSSION* 

In  contrast  to  bone,  dentin  and  cementum,  for  some  unknown  reason,  arc 
normally  spared  from  cellular  resorption  (with  the  exception  of  the  shedding 
of  the  deciduous  teeth)  and  are  subject  only  to  a  continuous  deposition,  although 
its  rate  is  highest  in  the  young  animal.  On  the  submicroseopic  level,  however, 
radioisotope  studies  have  offered  evidence  suggesting  that  an  exchange  of  chem¬ 
ical  substances  does  take  place  between  the  hard  dental  tissues  and  the  adjacent 
fluid.®’  ^  This  state  of  affairs  permits  accurate  separation  of  pre-experiment al 
from  experimental  tissue  and,  thus,  allows  better  quantitative  comparison  of 
appositional  growth  and  more  accurate  determination  of  the  changes  oeeurring 
in  teeth  than  in  any  other  organ  of  the  body. 

In  this  inve.stigation,  conditions  permitted  the  study  of  the  effect  of  beta- 
aminopropionitrile  on  connective  tissue  cells  differentiated  prior  or  during  the 
experimental  period,  in  the  presenee  or  absence  of  mechanical  stress.  They 
also  permitted,  as  in  the  case  of  the  root  of  the  third  molar,  good  separation 
between  pre-experimental  and  experimental  tissue. 

In  the  apical  region  of  the  first  and  second  molars  the  odontoblasts  have 
most  likely  differentiated  during  the  experimental  period,  and  in  the  rats  killed 
after  13  or  more  days  on  the  diet  have  been  under  the  influence  of  mechanical 
stress.  It  has  been  shown  that  the  first  and  second  molars  of  the  rat  are  in 
functional  occlusion  on  the  twenty-fifth  and  twenty-eighth  day,  respectively.®  It 
is  interesting  to  note  that  changes  were  absent  in  experimental  rats  killed  after 
periods  of  less  than  13  days  on  the  diet.  This  is  at  a  time  when  the  first  and 
.second  molars  w’ere  not  supposed  to  be  in  functional  ocelusional.  Since  there 
is  evidence  indicating  that  mechanical  .stress  plays  an  important  role  in  the 
morphologic  changes  of  lathyrism,®’  it  is  possible  that,  in  the  presence  of 
mechanical  stress,  beta-aminopropionitrile  disturbs  the  normal  interplay  among 
epithelial  proliferation,  dentin,  and  cementum  deposition.  It  is  quite  possible 
that  a  disturbance  in  the  differentiation  of  the  odontoblasts  resulted  in  the  pro¬ 
duction  of  abnormal  dentin  (osteodentin)  (see  Fig.  2). 

The  majority  of  odontoblasts  present  in  the  coronal  parts  of  the  roots  and 
the  pulp  chamber  of  the  first  and  second  molars  have  differentiated  before  the 
initiation  of  the  feeding  and  are  protected  by  the  calcified  structures  from  any 
significant  mechanical  stress.  Perusal  of  Table  I  suggests  that  in  the  last  sacri¬ 
ficed  group  of  experimental  rats,  approximately  the  pulpal  half  of  the  dentin 
at  the  level  of  the  cementoenamel  junction  was  formed  during  the  experimental 
period.  Our  observations  suggest  that  in  the  absence  of  mechanical  stress,  beta- 
aminopropionitrile  does  not  appear  to  have  any  effect  upon  already  differentiated 
odontoblasts  and  pulpal  fibroblasts,  or  on  the  structure  of  the  dentin  produced 
by  them  in  response  to  the  usual  “growth  stimulus”  (see  Fig.  3).  Also,  under 
these  conditions  the  rate  of  deposition  of  dentin  does  not  appear  to  be  affected 
(Table  I). 

The  formation  of  the  roots  of  the  third  molars  had  not  started  at  the 
beginning  of  the  experimental  period.  It  may,  therefore,  be  said  that  the  dentin, 
cementum,  pulp,  and  periodontal  membrane  of  the  third  molar  roots  of  the 


Fig.  5. — Normal  appearing  periodontal  membrane  of  the  third  molar  of  a  49-day-old  rat  re¬ 
ceiving  beta-aminopropionitrile  for  28  days.  (Hematoxylin  and  eosin. ) 


mechanical  stress  is  important  in  the  alterations  of  lathyrism,  when  attemptin}? 
to  interpret  the  absence  of  changes  in  the  periodontal  membrane  and  pulp  of 
the  erupting  third  molars,  it  may  be  worth  while  to  take  into  consideration  the 
composition  of  the  periodontal  and  pulpal  connective  tissue.  In  the  control 
and  experimental  rats  used  in  this  experiment,  the  periodontal  connective  tissue 
of  the  third  molars  was  cellular  and  contained  only  a  few’  and  thin  collagen 
bundles.  The  fibers  of  the  pulp  were  exclusively  argyrophilic.  It  is  possible 
that  the  composition  of  the  periodontal  and  pulpal  connective  tissue  of  the  third 
molars  of  these  young  rats  may  be  related  to  the  absence  of  changes  in  these 
tissues.  If  beta-aminopropionitrile  affects  the  later  stages  of  the  formation  of 
the  intercellular  substances  of  eonnective  tissue,  such  an  interpretation  is  a 
reasonable  one. 

Recent  studies"  *®  suggest  that  in  experimental  lathyrism  there  is  a  dis¬ 
turbance  in  collagen  synthesis  and  in  the  proliferation  and  differentiation  of 


rats  were  formed  during  the  experimental  period  and  are  free  of  any  pre-ex- 
perimental  tissue.  It  is  quite  possible  that  the  third  molars  of  all  groups  of 
experimental  rats  had  never  been  in  functional  occlusion.®  Our  observations 
suggest  that  in  the  absence  of  mechanical  stress,  beta-aminopropionitrile  has  no 
effect  upon  the  differentiation  of  odontoblasts  and  fibroblasts,  and  the  production 
of  argyrophilic  and  collagen  fibers  in  the  weanling  rat  in  response  to  "growth 
stimulus”  (Figs.  4,  5,  6).  Although  there  is  sufficient  evidence  .suggesting  that 
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fibroblasts.  Whether  this  disturbance  in  collagen  syrithesis  is  a  qualitative  one 
or  only  a  quantitative  one  remains  to  be  seen.  All  these  studies  have  in  common 
the  fact  that  collagen  formation  and  fibroblastic  proliferation  and  differentiation 
were  studied  in  respon.se  to  some  sort  of  injury,  such  as  wounding  or  injection 
of  croton  oil.  Our  observations  suggest  that  in  experimental  lathyri.sm  and  in 
response  to  “growth  stimulus”  only,  no  changes  can  be  seen  (at  least  by  the 
methods  we  employed)  on  the  differentiation  of  odontoblasts  and  fibroblasts,  and 
on  the  pro<luction  of  argyrophilic  fibers,  collagen  fibers,  dentin,  and  cementum. 
However,  a  change,  as  yet  of  unknown  nature,  must  be  present,  because  once 
an  injury  is  produced  the  response  is  most  abnormal. 


KIk.  6. — Periodontal  membrane  of  second  molar.  Great  abnormalities  are  present.  Photomicro- 
graph  taken  from  the  same  microscopic  section  as  that  of  Fig.  5.  (Hematoxylin  and  eosin. ) 


SUMM.\RY 

1.  The  effects  of  a  diet  containing  0.2  per  cent  beta-aminopropionitrile  on 
the  molar  teeth  of  weanling  male  and  female  rats  were  studied.  The  following 
observations  were  made: 

a.  In  the  apical  regions  of  the  first  and  second  molars  of  the  experimental 
rats  killed  after  the  thirteenth  day  on  the  diet,  an  abnormal  type  of  dentin 
(o.sttH)dentin)  was  deposited,  a  recognizable  epithelial  diaphragm  was  absent, 
and  the  apex  of  the  ixKit  was  formed  by  the  cementum  only.  The  rate  of  root 
elongation  and  the  thickness  of  cementum  appeannl  to  be  d(‘creased. 

1).  In  the  coronal  parts  of  the  roots  and  in  the  crown  of  the  first  and  second 
molars  of  the  experimental  rats,  the  structure  of  the  dentin,  and  the  number. 
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appearance,  and  arrangement  of  the  odontoblasts,  pulpal  fibroblasts,  and  argyro- 
philic  fibers  of  the  pulp  were  found  to  be  normal.  At  the  level  of  the  cemento- 
enamel  junction,  the  thickness  of  the  dentin  and  predentin  was  the  same  in 
both  groups  of  animals. 

c.  The  dentin,  cementum  and  epithelial  diaphragm,  the  odontoblasts,  and 
argj'rophilic  fibers  of  the  pulp,  and  the  collagen  fibers  and  fibroblasts  of  the 
periodontal  membrane  of  the  third  molars  of  the  experimental  rats  did  not 
present  any  abnormality. 

2.  The  significance  of  these  obsei'vations  in  relationship  to  the  effects  of 
beta-aminopropionitrile  on  cell  differentiation  and  fiber  formation  in  the  con¬ 
nective  tissues  is  discusstHi. 
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RADIATION  OUTPUT  OF  DENTAL  X-RAY  UNITS 

DUANE  W.  LOVETT 

FA  Hospital  and  State  University  of  Iowa,  College  of  Dentistry,  Iowa  City,  Iowa 

Dental  radiofrraphie  technics  are  (lei)enclent  ujMm  the  radiation  |i;cner- 
ating  capabilities  of  dental  x-ray  equipment.  The  inconsistency  of  the 
success  of  good  radiographic  technics  in  different  dental  offices  has  prompted 
the  investigation  of  the  radiation  output  of  dental  x-ray  units. 

PROCEDURE 

Equipment. — The  x-ray  units  used  in  this  study  were  in  the  offices  ()f 
practicing  dentists.  They  ranged  in  age  from  one  week  to  approximately  20 
years,  with  the  average  age  of  7  years.  Each  unit  was  considered  to  be  in 
good  working  order  by  the  dentist.  They  were  the  products  of  four  different 
manufacturers  which  included  the  most  universally  used  types  of  units.  The 
testing  equipment  consisted  of  a  roentgen  meter*  with  two  ionization 
chambers,  one  of  25  r  capacity  and  one  of  100  r  capacity.  The  unit  was  cali¬ 
brated  approximately  10  days  prior  to  its  use  in  this  study.  The  additional 
equipment  consisted  of  a  lead  shield  10  inches  square  and  iu  thickness, 

a  steel  tape  measure,  a  stop  watch,  and  tabulation  forms. 

Details  of  Procedure. — The  procedures  used  in  ])erforming  the  tests  were 
carried  out  in  eleven  (11)  steps. 

1.  The  line  voltage  reading  was  checked  and  the  transformer  control 
adjusted  to  a  rating  of  110  volts  during  unit  operation. 

2.  The  milliamperage  reading  was  checked  and  set  at  10  Ma.  during  unit 
operation.  Those  units  not  having  a  numerical  calibration  on  the  milliammeter 
were  set  to  operate  within  the  recommended  range. 

3.  The  radiation  aperture  at  the  tube  head  for  auxiliary  filtration  of 
primary  radiation  was  checked. 

4.  The  kilovoltage  of  those  units  equipped  with  a  KV  control  was  checked. 
KV  control  was  set  at  65  kv.  during  unit  operation. 

5.  The  accuracy  of  the  timer  was  checked  with  a  stop  watch. 

6.  The  ionization  chamber  was  charged  to  zero  setting  and  positioned  on 
the  face  of  the  lead  shield  supported  below  the  tube  head. 

7.  The  short  cone  tip-meter  distance  was  adjusted.  The  points  of  meas¬ 
urement  of  this  distance  setting  was  the  tip  of  the  short  cone  and  the  top  of 
the  chamber  surface,  with  the  chamber  lying  horizontal  on  the  lead  shield. 
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Four  distance  settings  were  made  and  four  exposures  made:  No.  1  setting  was 
1  inch;  No.  2  setting,  4  inches;  No.  3  setting,  10  inches;  and  No.  4  setting,  17 
inches. 

The  approximate  tube-target  meter  distance  for  setting:  No.  I  was  8 
inches;  No.  2,  11  inches;  No.  3, 17  inches;  and  No.  4,  24  inches. 

8.  Each  exposure  was  10  seconds  with  10  Ma.  reading  and  65  kv.  reading 
on  units  having  a  KV  recording.  Two  separate  exposures  of  10  seconds  each 
were  made  at  each  distance  setting  to  recheck  for  error. 

9.  The  charge  of  the  ionization  chamber  was  read  and  results  recorded. 

10.  The  ionization  chamber  was  recharged  and  subsequent  exposures  and 
recordings  were  made. 

11.  Pertinent  data  of  x-ray  units  .such  as  make,  model,  serial  number,  age 
of  unit,  and  frequency  of  use  were  recorded. 


Distance  In  Inches  F!rom 
Tip  of  Short  Cone 

1- — X-radlation  output  of  Group  A,  dental  x-ray  units,  operating  at  85  kv.,  10  Ma.,  for 

10  seconds. 

RRSULTS  AND  CONCLUSIONS 

A  total  of  14  dental  x-ray  units  were  used  in  the  study,  h’or  diagram¬ 
matic  purposes,  the  units  were  groujied  according  to  manufacturer  with  Group 
A  composed  of  three  units.  Group  I»  three  units.  Group  C  seven  units,  and 
Group  D  one  unit. 

The  tabulations  of  Group  A  (Fig.  1)  are  plotted  graphically  with  the 
vertical  column  de.signating  the  roentgen  readings  and  the  horizontal  column 
designating  the  distance  in  inches  from  the  tip  of  the  short  cone  to  the  roent¬ 
gen  meter.  The  roentgen  output  of  two  of  the  units  at  the  one-inch  distance 
was  two  of  26  r  and  one  24  r  for  a  10-second  expo.sure  at  10  Ma.  The  second 


38 


LOVETT 


J.  D.  Res. 
Jan.— Keb..  1959 


reading  at  the  distance  of  4  inches  was  17.25  r,  13.5  r  and  12.25  r,  rcsi)ectively. 
The  third  readiiif?  at  a  distance  of  10  inches  was  7.5  r,  5.5  r,  and  4.5  r.  The 
final  reading  at  a  distance  of  17  inches  was  3.75  r,  3  r,  and  2  r.  To  evaluate 
these  readings  it  must  he  emphasized  that  each  eximsure  was  made  for  10 
.seconds  at  10  Ma.  at  the  same  kilovoltage.  The  rapid  fall  of  radiation  detected 
in  the  first  4  inches  of  distance  from  the  tip  of  the  cone  would  indicate  that 
much  soft  radiation  was  present  in  the  primary  beam  and  was  dissipated  in 
air.  The  use  of  these  x-ray  units  with  a  .short  target-film  distance  technic 
would  make  the  exposure  time  quite  critical  in  regard  to  distances  within  the 
3-ineh  range  as  well  as  expose  the  patient  to  much  soft  radiation.  The  output 
variance  of  these  units  throughout  the  scope  of  the  graph  would  be  .sufficient 
to  require  different  expo.sure  times  of  each  unit  to  produce  the  .same  radio- 
graphic  results  with  all  other  factors  being  equal. 


Distance  in  Inches  From 
Tip  of  Short  Cone 

Fig.  2. — X-radlation  output  of  Group  B,  dental  x-ray  units,  operating  at  6.5  kv.,  10  Ma.,  for 

10  seconds. 


The  tabulation  of  Group  B  is  shown  in  Fig.  2.  This  group  shows  a  much 
wider  variance  of  radiation  measurement  at  the  one-inch  and  4-inch  distances, 
but  tends  to  approximate  the  same  findings  as  in  Group  A  at  the  10-  and 
17-inch  distances.  In  using  a  short  target-film  distance  technic  with  this 
group  of  x-ray  units,  a  decidedly  different  exposure  time  would  be  required 
with  each  unit  to  produce  the  same  radiographic  results,  all  other  factors 
being  equal. 

The  tabulation  of  Group  C  (Figs.  3  and  4)  show  a  considerable  variance 
in  radiation  measurement  and  present  a  somewhat  different  pattern  in  that 
the  measurement  at  the  one-inch  distance  is  low"  in  comparison  with  Group 
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A  and  B,  but  falls  in  a  comparable  range  in  the  10-  and  17-inch  distance. 
This  would  indicate  that  the  primary  radiation  beam  is  of  a  more  uniform 
strength  or  wave  length  than  the  previous  two  groups,  yet  the  variances  in 
the  individual  unit  output  is  such  that  each  would  produce  a  different  radio- 
graphic  result  when  all  other  conditions  were  equal. 

The  tabulation  of  Group  D  (Fig.  5),  which  involves  only  one  unit,  gave  a 
pattern  very  similar  to  Group  C. 

To  aid  in  the  comparative  evaluations  of  the  x-ray  units  of  the  various 
manufacturers,  each  group  was  averaged  and  graphically  plotted  as  shown  in 
Fig.  6.  The  measurement  of  radiation  of  the  four  groups  at  the  one-ineh 
distance  shows  a  wide  range  of  radiation  activity.  The  percentage  variance 
of  radiation  measurement  between  the  groups  becomes  less  as  the  distance  is 
increased.  Using  roentgen  output  as  a  basis  for  determining  radiographic 


Distance  In  Inches  From  Distance  In  Inches  From 

Tip  of  Short  Cone  Tip  of  Short  Cone 

Fig.  3.  Fig.  4. 

Fig.  3. — X-radiation  output  of  Group  C,  dental  x-ray  units,  operating  at  65  kv.,  10  Ma., 
for  10  seconds 

Fig.  4. — Additional  Group  C  dental  units  operating  at  65  kv.,  10  Ma.,  for  10  seconds. 

exposure  times,  the  operator  using  x-ray  units  of  Group  D  would  have  to  use 
a  mueh  greater  exposure  time  than  the  operator  using  units  of  Group  A,  when 
using  a  short  target-film  distance  to  produce  the  same  radiographic  results. 
This  would  be  true  providing  the  strength  of  the  primary  radiation  was  ap¬ 
proximately  the  same  with  all  units. 

No  effort  was  made  in  this  study  to  determine  the  quality  of  radiation  in 
the  primary  beam.  The  same  comparative  ratio  of  radiation  measurement 
between  Group  A  and  D  is  evident  at  the  10-inch  distance.  At  the  17-inch 
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distance,  the  comparative  ratio  between  the  groups  becomes  smaller.  This 
would  indicate  that  the  useful  radiation  of  the  primary  beam  is  more  nearly 
uniform  at  the  17-inch  distance  than  at  any  of  the  closer  distances  for  all  of 
the  x-ray  units  used  in  this  study. 

Many  conclusions  regarding  technics  and  target-film  distances  can  be  as¬ 
sumed  from  these  findings,  but  the  capabilities  of  the  dental  x-ray  units  in 
producing  sufficient  radiation  to  produce  good  radiographic  results  at  the 
greater  distances  must  be  considered. 

Many  inconsistencies  of  the  dental  x-ray  units  were  encountered  during 
this  study.  Most  of  the  units  required  that  the  line  voltage  meter  reading  be 
set  from  115  volts  to  124  volts  to  produce  a  delivery  voltage  of  110  during 
unit  operation.  This  was  not  found  to  be  peculiar  to  any  make  of  unit.  The 
x-ray  timers  varied  from  13  seconds  to  6I/2  seconds  for  a  10-second  setting. 
This  great  variance  in  timer  operation  required  that  a  stop  watch  be  used 
for  making  the  exposures  for  this  study.  Most  of  the  dentists  did  not  know 
that  their  timers  were  incorrect.  Some  of  the  milliamperage  meters  on  the 
units  were  not  calibrated  in  numerical  indications  but  provided  only  a  range 
of  milliamperage  operation.  Thus,  the  operator  did  not  know  the  exact 
milliamperage  being  delivered.  Only  a  few  units  provided  a  kilovoltage  indi¬ 
cator  and  control.  The  dentists  using  the  x-ray  units  without  this  indicator 
did  not  know  the  kilovoltage  output  of  the  unit. 

SUMMARY 

The  findings  of  this  study  demonstrate  that  the  dental  x-ray  units  vary 
greatly  in  the  roentgen  output  both  in  comparison  of  units  of  different  manu¬ 
facturers  and  somewhat  less  greatly  in  units  of  the  same  manufacturer.  This 
variability  is  sufficient  to  defeat  the  efforts  to  standardize  dental  radiographic 
technics  to  produce  uniform  results. 


THE  EFFECT  OF  pH  ON  THE  ANTIMICROBIAL  ACTIVITY  OF 
PARA-AMINOTOLUENE  SULFONAMIDE 
B.  F.  GURNEY 

Department  of  Research  and  Biochemistry,  Loyola  University  School  of  Dentistry,  Chicago,  III. 

For  the  past  several  years,  we  have  employed  para-aminotoluene  sulfonamide 
as  an  endodontal  antiseptic.*  In  our  hands  it  has  performed  satisfactorily; 
however,  there  are  occasions  when  it  has  failed,  clinically,  even  in  instances 
where  laboratory  baeteriologie  tasts  indicated  success  should  have  been  achieved. 
It  is  clear  that  some  factor,  or  factors,  is,  in  some  fashion,  suppressing  the 
therapeutic  activity  of  para-aminotoluene  sulfonamide  in  certain  cases  of  clini¬ 
cal  use. 

It  is  well  known  that  certain  common  sulfonamides,  such  as  sulfanilamide 
or  sulfathiazole,  exhibit  a  marked  improvement  in  therapeutic  activity  when 
environmental  pH  is  in  proximity  to  7.*  Since  the  homosulfonamide  para- 
aminotoluene  sulfonamide  (PATS)  contains  the  characteristic  -SOjNHj,  it 
seems  reasonable  to  assume  that  environmental  pH  may  also  affect  the  therapeu¬ 
tic  behavior  of  this  drug.  If  this  were  so,  such  a  condition  might  explain  in 
part  some  of  the  clinical  failure  experienced  and,  at  the  same  time,  suggest  a 
suitable  means  for  corrective  action. 

It  is  the  purpose  of  this  investigation  to  determine  the  effect  of  environ¬ 
mental  pH  on  the  antimicrobial  activity  of  para-aminotoluene  sulfonamide 
under  laboratory  conditions. 

EXPERIMENTAL  PROCEDURE 

The  general  design  of  the  project  was  to  produce  culture  broth  solutions 
containing  PATS  at  concentrations  vary  ing  between  5  per  cent  and  0  per  cent, 
all  at  a  given  pH  value.  Such  broth  solutions  were  then  inoculated  with  bac¬ 
teria  obtained  from  the  Department  of  Endodontia.  After  72  hours’  incubation 
at  38°  C.,  record  was  made  of  those  solutions  showing  bacterial  growth.  Sub¬ 
cultures  were  made  from  all  solutions  into  plain  brain  heart  infusion  broth, 
such  subcultures  were  incubated  3  days  at  38°  C.,  and  record  made  of  those  solu¬ 
tions  showing  growth  or  no  growth.  From  these  data,  the  bacteriostatic  and 
bactericidal  activity  of  the  parent  solutions  could  be  determined. 

The  whole  general  experiment  was  then  repeated  for  succeeding  series  of 
broth  solutions  at  other  pH  values,  the  range  investigated  being  from  pH  3  to, 
and  including,  pH  9.  ^ 

This  paper  was  presented  in  part  at  the  35th  General  Meeting  of  the  International 
.Association  for  Dental  Research,  Atlantic  City,  N.  J.,  March  21-24,  1957. 

This  study  w'as  supported  in  part  by  the  U.  S.  Public  Health  Service.  Grant  No.  D-558. 
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Prior  oxi>crionoe  at  this  activity,*  and  the  experience  of  others,®  has  shown 
that  PATS  is  stable  and  soluble  over  a  wide  ranjje  of  pH  values.  It  was  found, 
however,  that  broth  solutions  containing  I  per  cent  PATS  were  slightly  un¬ 
stable  with  regard  to  the  dissolv(*d  protein  of  the  broth.  Such  instability  was 
increased  slightly  by  increasing  the  PATS  concentration,  and  by  altering  the 
pH  in  either  direction  from  pH  7.2.  For  this  reason,  most  of  the  solutions  were 
prepared  and  used  as  soon  as  sterility  checks  were  completed  (3  days), 

A  typical  series  of  broth  solutions  was  prepared  in  the  follo^^^ng  manner. 
Ten  grams  of  PATS  were  dissolved  in  200  ml.  of  distilled  water.  This  solution 
was  then  added  to  another  containing  37.5  Gm.  of  dehydrated  brain  heart 
infusion  powder  (Difeo)  dissolved  in  600  ml.  of  distilled  water.  The  final 
volume  was  brought  to  1,000  ml.  with  distilled  water.  This  solution  was  then 
divided  into  eight  equal  portions.  By  means  of  small  additions  of  concentrated 
phosphoric  acid  the  pH  of  five  such  portions  was  adjusted,  respectively,  to  values 
of  3.0,  4.0,  5.0,  6.0,  and  7.0.  The  remaining  portions  were  adjusted  with  small 
increments  of  concentrated  sodium  hydroxide  to  pH  values  of  7.4,  8.0,  and  9.0. 

A  ninth  portion  of  plain  brain  heart  infusion  broth  was  made  and  placed 
with  the  series  to  act  as  control. 

All  such  broth  solutions  were  immediately  put  through  sterile  Seitz  filter, 
collected  in  sterile  flasks,  and  aseptically  transferred  to  sterile  7  ml.  screw 
top  culture  tubes  (5  ml.  per  tube).  All  solutions  were  then  incubated  at  38° 
C.  for  3  days.  If  no  change  occurred  in  the  solutions,  it  was  assumed  they 
were  sterile.  As  will  be  seen  later,  this  assumption  is  only  partly  valid  in  some 
of  the  instances. 

The  other  series  of  experimental  broth  solutions  were  made  up  in  a  sim¬ 
ilar  fashion  but  at  PATS  concentrations  of  5,  4,  3,  2,  0.50,  0.10,  0,05,  and  0.01 
per  cent. 

Prior  to  inoculation  with  bacteria,  sample  vials  from  each  PATS  con¬ 
centration  and  pH  range  were  removed,  tested  for  pH  value,  and  discarded. 
This  was  necessary  as  occasionally  a  solution  may  have  drifted  from  its  ex¬ 
pected  pH  value.  Permissible  variations  in  pH  were  limited  to  plus  and  minus 
0.10  pH  units. 

From  a  number  of  bacterial  cultures,  obtained  from  the  Department  of 
Endodontia  where  they  had  been  in  incubation  72  hours,  single  3  mm.  loop 
transfers  were  made  to  fresh  brain  heart  infusion  broth  and  the  latter  in¬ 
cubated  for  24  houi*s  at  38°  C.  The  gram-staining  character  and  the  general 
morj)hoIogy  of  the  bacterial  inhabitants  of  each  culture  were  determined  on 
samples  from  these  24-hour  growths.  Such  characteristics  for  the  ten  cultures 
used  in  this  report  are  shown  in  Table  I.  Single  3  mm.  loop  transfer  were 
then  made  in  duplicate  to  the  proper  experimental  culture  solutions.  All 
cultures  included  in  this  report,  on  continued  transfers  to  plain  brain  heart 
infusion,  exhibited  no  discernible  change  throughout  the  course  of  the  project. 

Observ^ations  were  made  after  24  and  72  hours’  incubation  at  38°  C., 
although  only  the  72-hour  observations  will  be  reported  here.  Such  olweiwa- 
tions  consisted  of  netting  the  jtresejice  or  absence  of  bacterial  growth  in  the* 
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experimental  solutions  and  the  control  solutions.  Absence  of  change  in  a 
solution  was  assumed  to  be  indicative  of  no  bacterial  growth.  Results  typical 
of  such  observations  are  shown  graphically  in  Rg.  1. 

A  single  3  mm.  loop  subculture  was  made  aseptically  from  each  vial  to 
a  i)roperly  identified  vial  of  i)lain  brain  heart  infusion  broth,  and  the  latter 
incubated  in  the  fashion  described  for  3  days.  If  no  change  occurred  in  the 
subculture  tubes  associated  with  an  experimental  solution,  but  growth  did 
occur  in  the  subculture  vials  associated  with  the  control  tubes,  then  such 


5.0 


KiK.  1. — Maximum  concentration  of  P.VTS  showini;  bacterial  growth  in  environments  of  differ¬ 
ing  pH  (Culture  8). 


Tabi.f.  I 

Kacterk’Idai,  Concentration  of  PATS  at  Optimum  pH  for  the  Respective  Cultures 

Tested 

CULTURE 

SAMPLE 

ORAM  STAIN  AND  MORPHOLOGY 

MINIMUM  BACTTERICIDAL 
CONCENTRATION  PATS 
(%) 

OPTIMUM  pH 

1 

Gram-positive  cocci 

0.10 

7.4 

2 

Gram-negative  and  -positive  cocci 

0.01 

7.4 

3 

Gram-negative  diplococci 

0.10 

8 

4 

Gram-negative  cocci 

0.03 

8 

5 

Gram-negative  cocci 

0.01 

8 

6 

Gram-positive  stapliylococci 

0.10 

7.4,  8 

'  7 

Gram-positive  staphylococci 

0.10 

7.4,  8,  9 

8 

Gram-negative  cocci 

0.05 

7.4,  8 

8,  9 

8 

9 

Gram-positive  and  -negative  cocci 

0.10 

10 

Gram-negative  cocci 

0.05 
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evidence  was  reffarded  as  indicative  of  bactericidal  activity  in  the  respective 
experimental  solutions.  Results  typical  of  this  portion  of  the  project  are 
shown  in  Fig.  2. 

Since  the  bacteiial  cultures  were  maintained  throughout  the  project,  Cid- 
tures  7,  8,  9,  and  10  were  subjected  a  second  time  to  the  procedure  described. 
The  results  of  these  tests  w'erc  nearly  identical  with  the  initial  ones  for  the 
respective  cultures. 

Toward  the  close  of  the  project,  it  became  obvious  that  the  antibacterial 
activity  of  PATS  probably  bore  some  relation  to  the  .state  of  ionization  of  the 
molecule.  To  determine  the  relative  .state  of  the  molecule,  an  electrometric 
titration  was  performed  on  the  hydrochloride  .salt  and.  from  the  results  so 
obtained,  a  titration  curve  was  constructed  as  shown  in  f’ig.  3. 


Fig-.  2. — MiniiDUni  concentration  of  P.VTS  showing  bactericiilal  activity  in  environments  of 

differing  pH  (Culture  8). 

DISCl’S.SION 

None  of  the  samples  of  bacteria  would  grow  in  the  experimental  solutions 
at  pH  3,  although  they  grew  nicely  at  pH  4.  Subcultures  made  from  these 
respective  vials  into  plain  brain  heart  infusion  broth  at  its  usual  pH  of  7.2, 
.showed  that  the  bacteria  were  nonviable.  Evidently  hydrogen  ion  from  the 
acid  medium  is  playing  a  role  as  bactericide.  At  pH  4,  all  of  the  bacterial 
cultures  showed  inhibition  at  a  PATS  concentration  of  0.50  per  cent  or  more; 
however,  it  seems  logical  that  part  of  the  antibacterial  effect  may  have  come 
from  the  hydrogen  ion  of  the  acid  medium. 


46 


GURNEY 


J.  D.  Res. 
Jan.— Feb.,  1959 


All  bacterial  cultures  showed  growth  at  higher  concentrations  of  PATS 
when  the  environmental  pH  shifted  from  4  to  5  (see  Fig,  2).  All  but  one 
of  the  ten  cultures  showed  growth  at  the  maximum  PATS  concentration  when 
the  environmental  pH  was  6  or  7.  All  but  one  of  the  ten  cultures  showed 
growth  at  markedly  decreased  concentrations  of  PATS  when  the  pH  was  7.4. 
All  but  one  showed  growth  at  the  minimum  experimental  concentration  of 
PATS  when  the  solution  pH  was  8.  Four  of  the  cultures  exhibited  growth 
at  an  increased  concentration  of  antiseptic  when  the  pH  was  9. 


Fik.  3. — Titration  curve  of  PATS  hydrochloride. 

It  seems  logical  that  the  chemical  nature  of  the  PATS  molecule  plays  an 
important  role  in  determining  the  antibacterial  activity  of  the  drug.  From 
the  titration  curve  of  Fig.  3,  the  probable  nature  of  the  PATS  molecule  can 
be  determined. 

Since  the  greatest  antibacterial  activity  of  1*ATS  appears  to  be  in  an 
environment  whose  pH  is  between  7.4  and  8,  let  us  consider  that  portion  of 
the  curve.  The  shape  and  behavior  of  the  curve  at  this  point  indicates  that 
the  acid  salt  of  PATS  no  longer  exists,  and  that  in  its  place  we  presumably 
have  a  nearly  free  base!  It  is  this  free  base  that  exhibits  the  highest  anti¬ 
bacterial  activity,  probably  because  of  increased  ability  at  penetration  of 
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bacteria.  This  assumption,  based  on  somewhat  differing  evidence,  has  been 
postulated  previously  by  others  in  relation  to  the  behavior  of  some  of  the 
common  sulfonamides^  and  to  the  behavior  of  PATS.* 

The  bactericidal  results  shown  in  Fig.  2  are  reasonably  typical.  In  gen¬ 
eral,  as  the  environmental  pH  rose  from  4  to  7  the  bactericidal  concentration 
of  PATS  rose  abruptly  several  thousandfold  from  a  previously  low  value. 
At  pH  7,  nine  of  the  ten  cultures  exhibited  growth  inhibition  although  no 
appreciable  bactericidal  action  was  evident  at  even  the  highest  experimental 
concentrations  of  PATS.  On  the  other  hand,  at  pH  7.4  or  8,  nine  of  the  ten 
cultures  exhibited  bactericidal  activity  at  PATS  concentrations  of  0.10  per 
cent  or  less  (see  Table  I).  The  tenth  culture  exhibited  maximum  bactericidal 
action  at  pH  7,  and  drug  concentration  of  0.01  per  cent. 

In  the  bactericidal  determinations,  it  is  theoretically  possible  to  introduce 
into  the  vials  of  plain  brain  heart  infusion  broth  enough  drug  to  inhibit  or 
suppress  bacterial  growth.  In  a  later  paper,  it  will  be  shown  that  this  possi¬ 
bility  is  nil  for  all  practical  purposes. 

The  relatively  weak  bactericidal  activity  of  PATS  in  the  pH  range  of 
6  to  7  is  probably  associated  with  a  predominantly  uncharged  molecular  form. 
Since  PATS  is  known  to  be  an  enzyme  inhibitor,®  it  can  readily  be  seen  that 
alteration  of  its  space  charges  could  profoundly  affect  its  activity. 

From  this  study  an  acceptable  bactericidal  concentration  of  PATS  at 
optimum  pH  would  be  in  the  region  of  0.10  per  cent.  This  value  is  somewhat 
higher  than  some  values  reported  by  others,®’  ^  but  perhaps  should  be  expected 
since  endodontal  bacterial  mixtures  generally  require  higher  concentrations 
of  drug  to  produce  bactericidal  action. 

Howe,  in  his  investigations  on  animals,  used  PATS  buffered  at  pH  7.4, 
presumably  because  of  the  proximity  of  this  value  to  that  of  tissue  fluids.® 
Howe’s  results  were  highly  satisfactory,  a  fact  which  might  have  been  ex¬ 
pected  from  this  work.  Waltner  and  White,  using  PATS  for  topical  medi¬ 
cation  in  otology,  obtained  the  best  clinical  results  when  the  PATS  was  at 
a  pH  of  2.2.®  The  implication  anses  that  their  clinical  success  was  due  in 
part  to  the  antibacterial  action  of  the  acid  medium. 

SUMM.VRY 

The  antibacterial  activity  of  PATS  has  been  investigated  in  environments 
of  differing  pH.  Under  the  experimental  conditions  described,  the  following 
factors  become  apparent. 

1.  As  environmental  pH  changes  from  4  to  6,  the  antibacterial  activity  of 
PATS  decreases  markedly. 

2.  At  pH  6  to  7,  there  is  marked  lack  of  bactericidal  activity,  although 
bacteriostasis  occurs  at  PATS  concentrations  of  3  per  cent  or  less. 

3.  At  pH  7.4  to  8,  there  is  maximum  bactericidal  activity;  the  maximum 
bactericidal  concentration  being  O.IO  per  cent. 
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4.  Maxiinulu  effectiveness  of  PATS  appears  to  be  associated  with  forma¬ 
tion  of  the  free  base  which  presumably  has  greater  penetrability  and  hence 
exhibits  greater  activity. 

Although  clinical  situations  cannot  be  compared  to  the  conditions  de¬ 
scribed,  the  implication  is  clear  that  the  pH  of  a  root  canal,  undergoing  treat¬ 
ment  with  PATS,  may  play  an  important  role  in  determining  success  of  the 
treatment. 
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A  COMPARISON  OF  BONE  GROWTH  IN  NORMAL  AND 
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Growth  of  the  skeletal  system  is  not  a  iinifonnly  progressive  inerease  in 
the  proj)ortions  of  each  member.  The  irregularities  or  complexities  at¬ 
tending  the  normal  differential ive  growth  of  bones  may  be  aseertained  through 
histologic  evidence,  chemical  data,  or  physical  measurements.  An  attempt  to 
formulate  a  possible  interrelation  among  several  of  the  physical  changes  asso- 
eiated  with  growth  of  the  long  bones  of  weanling  animals  was  one  of  the  aims 
of  the  present  study. 

Development  of  the  tubular  bones  eventually  resolves  into  two  growth 
processes,  transverse  and  longitudinal.^  Because  of  the  procedural  simplicity, 
physical  measurements  of  bones  almost  invariably  include  the  measurement 
of  length.  A  limitation  of  the  increment  in  length  is  considered  by  some  to  be 
a  satisfactory  criterion  of  skeletal  maturity.  While  the  increase  in  length  of 
a  bone  is  an  index  of  epiphyseal  activity  or  longitudinal  growth,  the  increment 
in  volume  of  the  bone  reflects  the  degree  of  transverse  growth  as  well.  Little 
is  known  of  the  progressive  increases  in  breaking  strength  or  fracture  resist¬ 
ance  of  bones  during  growth,  and  whether  the  strength  of  a  bone  increases  in 
proportion  to  its  length.  A  change  in  the  breaking  strength  of  the  shaft  of 
a  tubular  bone  is  probably  determined  primarily  by  periosteal  and  endosteal 
activity  and  regulated  to  an  extent  by  function,  among  other  factors.  Elabora¬ 
tion  of  a  technic  for  measuring  the  breaking  strength  of  very  small  bones  of 
young  animals  was  an  outcome  of  the  present  work. 

Coupled  with  the  study  of  normal  bone  growth  was  an  attempt  to  de¬ 
termine  the  influence  of  strontium  on  the  rapidly  growing  bones  of  albino 
rats.  The  stable  strontium  normally  present  in  bone  has  been  regarded  as  an 
innocuous  trace  element  chemically  similar  to  calcium.  Current  emphasis  is 
on  the  physiologic  differences  between  these  two  ubiquitous  bone  seeking 
minerals.  Comparatively  little  attention  has  been  focused  on  the  study  of 
possible  toxic  or  abnormal  effects  upon  developing  bone  resulting  from  the 
long-term  ingestion  of  nonradioactive  strontium.  The  present  work  deals  with 
some  of  the  long-range  metabolic  and  physical  effects  of  stable  strontium  on 
the  bones  of  growing  animals  receiving  an  adequate  diet.  The  over-all  scope 
of  the  entire  investigation  embraces  considerations  of  (a)  lengthwise  growth 
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of  a  long  bone,  (b)  increments  in  total  volume  of  the  intact  bone,  (e)  increases 
in  fracture  resistance  of  the  bone  during  growth,  (d)  changes  in  mineral  con¬ 
tent  of  the  bone,  and  (e)  uptake  of  strontium  by  the  long  bones. 

MATERIALS  AND  METHODS 

A  total  of  186  male  weanling  Osborne-Mendel  rats  of  an  inbred  strain 
was  apportioned  among  5  groups.  The  pre-experimental  group  received  the 
test  diet  and  distilled  water  for  one  day,  following  which  the  animals  were 
sacrificed.  Two  groups  on  a  90-day  test  period  comprised  38  control  rats  and 
39  rats  receiving  a  strontium  supplement.  Another  group  of  weanlings  was 
placed  on  a  180-day  strontium  regimen  while  a  companion  group  served  as 
controls.  Rats  were  housed  in  individual  cages;  food  and  water  were  avail¬ 
able  ad  libitum.  Controls  were  supplied  with  distilled  water ;  both  test  groups 
received  a  0.002  N  solution  of  strontium  nitrate  (87.6  jjpm  strontium).  A  diet 
devised  to  supply  the  nutritional  requirements  without  producing  fluorosis 
had  the  following  composition  per  kilogram :  250  grams  casein,  100  grams 
Wesson  oil,*  40  grams  Hubbell-Mendel-Wakeman^  salts,!  10  grams  vitamin 
powder,!  and  600  grams  powdered  sucrose. 

This  diet  had  a  strontium  content  of  0.00074  per  cent,  or  7.4  ppm,  de¬ 
termined  by  activation  analysis. 

After  sacrifice,  the  rats  were  autoclaved  for  10  minutes  at  16  lb.  in  order 
to  facilitate  removal  of  soft  tissue.  The  femora,  humeri,  and  tibiae  were  then 
excised  and  placed  in  10  per  cent  neutral  formalin.  Physical  and  chemical 
data  were  obtained  by  following  the  procedures  described  below. 

a.  Length  of  the  bones  was  measured  through  the  long  axis,  which  was 
from  the  condyles  to  the  greater  trochanter  in  the  ease  of  the  femur.  The  posi¬ 
tion  of  each  bone  in  the  micrometer  was  standardized,  and  measurements  were 
read  to  0.1  mm.  with  excellent  precision. 

b.  Total  volume  of  the  intact  bone  is  an  index  of  peripheral  enlargement. 
To  obtain  the  average  cross-sectional  area  of  a  long  bone  the  volume  of  the  bone 
(ml.)  is  divided  by  its  length  (cm.). 

Volumetric  readings  can  be  estimated  to  within  0.001  ml.  with  a  small 
test  tube,  a  Koch  microburet,  and  a  meniscus  reader.  Test  tubes  whose  inner 
diameter  is  just  large  enough  to  accommodate  the  selected  bones  are  gradu¬ 
ated  at  a  level  below  which  the  bone  will  be  fully  submerged.  The  bone, 
which  has  been  carefully  cleaned  and  preserved  in  10  per  cent  neutral  formalin, 
is  dried  with  cleansing  tissue  and  placed  in  a  calibrated  tube.  Neutral  for¬ 
malin  from  a  microburet  is  introduced  up  to  the  graduation.  The  difference 
between  the  tube  calibration  and  the  volume  of  formalin  introduced  represents 
the  total  volume  of  the  bone. 

•Containing  5,500  I.U.  of  vitamin  A,  1,100  I.U.  of  vitamin  D,  and  200  mg.  of  a-tocopherol 
acetate. 

tExcluding  NaF,  and  including  100  mg.  CoCli,  100  mg.  Na^MoOi  •  2HiO,  and  495  mg. 
ZnS04  •  7HiO  per  kilogram  of  salts. 

{Containing  the  following  in  1,000  Gm.  of  a  mixture  of  lactose  and  vitamins: 

400  mg.  thiamin  hydrochloride  10  grams  niacin 

250  mg.  riboflavin  100  mg.  vitamin  K  (menadione) 

200  mg.  pyridoxin  hydrochloride  200  mg.  folic  acid 

2,000  mg.  calcium  pantothenate  100  mg.  biotin 

100  grams  choline  chlori<le  10  mg.  vitamin  Bu 
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Air  bubbles  adhering  to  the  bone  and  walls  of  the  tube  during  filling  are 
released  by  tapping  the  tube.  Rigid  control  of  the  size  of  droplets  delivered 
by  the  buret  can  be  obtained  by  applying  a  water-repellent  coating  of  silicone 
(Sight  Savers)  to  the  buret  tip.®  A  clamp  for  holding  the  tube  vertically  con¬ 
sists  of  a  meniscus  reader*  with  a  lead  weight  substituted  for  the  magnifying 
lens.  A  smooth  surfaced  board  serves  as  a  horizontal  platform  for  the  clamp. 
A  level  is  secured  to  the  board,  and  adjustments  are  made  by  adding  strips  of 
tape  to  the  underside  of  the  platform.  A  one-inch  hole  in  the  board  allows 
the  tube  to  be  slid  up  or  down  in  the  holder  instead  of  drawing  the  buret  up 
and  down. 

Some  concept  of  the  reproducibility  of  measurement  using  this  volumetric 
procedure  can  be  gained  by  noting  the  degree  of  variation  in  readings  both 
with  and  without  a  bone  in  the  graduated  tube.  The  maximum  deviation, 
based  on  10  measurements  in  each  case,  was  ±  0.002  ml.  for  both  the  calibrated 
tube  (4.144  ml.)  and  the  bone,  an  adult  rat  tibia  (0.363  ml.). 


Fig.  1. — Specimen  yoke  used  on  incline  plane  materials  tester.  The  paired  knife  edges  are 
adjustable  for  testing  segments  of  varying  length. 


c.  The  relative  breaking  strength  of  wet  bones  can  be  determined  readily 
on  a  commercially  available  materials  testing  machine.!  A  specially  designed 
yoke  (Fig,  1)  is  substituted  for  the  specimen  clamps,  enabling  the  machine  to 
test  the  relative  strengths  of  bones  under  static  loading.  The  tester  is  based 
on  the  principle  of  the  inclined  plane,  and  the  force  is  applied  to  the  specimen 
at  a  constant  rate.  The  failure  load  at  the  breaking  point  is  determined  from 
a  chart  on  which  the  details  of  a  test  are  traced  by  an  autographic  recorder 
while  the  test  is  being  made. 

The  knife  edges  on  the  specimen  yoke  were  designed  to  permit  a  variable 
span.  A  notch  was  hollow  ground  into  one  of  the  knives  in  order  to  securely 
seat  a  rat  humerus.  Mounted  opposite  the  yoke  is  a  fixed,  central,  opposing 
knife  edge  for  grasping  the  bone  at  the  midspan. 

Excised  bones  are  carefully  cleaned  and  preserved  in  10  per  cent  neutral 
formalin.  Prior  to  testing,  the  length  of  the  bone  is  measured  and  the  mid¬ 
point  marked.  The  wet  bone  is  dried  with  cleansing  tissue,  placed  in  the  tester, 
and  the  load  is  applied.  After  failure,  the  fragments  can  be  retained  for 
chemical  analysis. 

*SimpUfled  model,  A.  H.  Thoma«  Co.,  Philadelphia,  Pa. 

tTenallgraph,  Model  IP-4,  Scott  Teaters.  Inc.,  Providence,  R.  I. 
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Since  there  is  no  standard  testing  material  with  a  predetermined  strength 
in  the  desired  range,  and  since  a  breaking  strength  test  cannot  be  repeated  on 
the  same  specimen,  the  error  of  measurement  of  any  testing  machine  is  only 
an  estimate  at  best.  An  approximation  of  the  precision  of  measurement  of  a 
machine  can  be  made  by  testing  the  strengths  of  the  right  and  left  members 
of  a  pair  of  bones.  Since  there  is  m)  reason  to  assume  that  the  two  strengths 
must  be  identical,  any  lack  of  correspondence  is  not  attributable  entirely  to 
the  error  of  measurement.  Table  I  summarizes  measurements  in  two  different 
ranges  obtained  with  the  tester  described  and  indicates  the  reliability  of  the 
results  obtained  by  this  method.  The  material  consisted  of  (a)  weanling  rat 
humeri  with  strengths  of  both  right  and  left  members  ranging  from  1.50  to 
3.00  pounds,  and  (b)  adult  rat  femora  whose  individual  strengths  ranged  be¬ 
tween  20.00  and  25.00  pounds.  The  specimens  were  bones  of  a  consecutive 
number  of  tested  rats  in  each  case  and  included  all  rats  with  strengths  in  the 
si)ecified  ranges  with  no  attempt  to  select  pail’s  of  bones  with  nearly  identical 
strength.  An  average  absolute  deviation  of  5.59  per  cent  for  the  weanling 
bones  and  4.91  per  cent  for  the  adult  femora  is  obtained  by  dividing  the  dif¬ 
ference  in  strength  between  the  two  bones  of  a  pair  by  the  average  strength 
of  a  pair. 

The  ai)paratus  described  above  introduces  several  refinements  over  one 
us(‘d  by  the  author  previously*  and  permits  the  testing  of  very  young  bones 
as  well.  The  procedure  may  also  offer  advantages  over  other  technics,®'®  since 
the  method  is  convenient,  very  rapid,  and  dispenses  with  the  use  of  water  or 
lead  shot  as  well  as  the  need  for  drying  the  bones  and  embedding  the  ends  in 
plaster  of  Paris.  For  broader  aspects  of  biomechanics  the  reader  is  referred 
to  the  recent  works  of  Bell*  and  Evans,’*  evidence  of  the  growing  interest  in 
this  field. 

After  demonstrating  the  dependability  of  the  above-described  static  load¬ 
ing  machine,  the  long  bones  of  the  186  rats  in  the  present  experiment  were 
tested  in  the  following  manner.  The  adult  femora  and  humeri  were  frac¬ 
tured  at  their  midpoints.  Adult  tibiae  were  broken  at  a  point  7  mm.  above 
the  fibular  notch.  All  adult  bones  were  tested  over  a  14-mm.  span.  By  reduc¬ 
ing  the  span  to  7  mm.,  midregions  of  the  weanling  femora  and  humeri 
were  anatomically  comparable  to  the  adult  bones.  The  tested  segment  of 
the  weanling  tibiae  was  7  mm.,  the  load  being  applied  3.5  mm.  above  the  fibu¬ 
lar  notch.  In  order  to  api)roximate  a  comparison  between  strengths  of  young 
and  adult  bones,  failure  loads  for  the  weanling  bones  were  halved.  Thus,  all 
breaking  strength  values  were  based  on  a  14-mm.  span.  This  oversimplifica¬ 
tion  is  in  accordance  with  the  formula  force  x  distance. 

d.  The  mineral  or  ash  content  of  the  hones  was  determined  following  the 
measurement  of  breaking  strength.  Each  pair  (»f  dried  bones  was  ashed  to  con¬ 
stant  weight  in  a  muffle  furnace  at  650°  C. 

e.  The  strontium  content  of  the  ashed  hones  was.  determined  by  neutron 
activation  analysis.  Bones  were  pulverized  and  passed  through  a  60-mesh 
screen,  following  which  the  powder  was  dried  at  110°  C.  The  humeri,  tibiae 
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ntul  femora  were  each  pooled  by  ffroup  makiiif'  a  total  of  15  samples.  Analyses 
were  run  in  duplieate  or  triplicate  on  sample  aliquots  ranpinp  in  size  from 
0.0900  to  0.1110  {rram.  The  values  obtained  showed  an  experimental  spread  in 
results  which,  in  most  eases,  was  within  the  ±5  per  cent  precision  assigned  to 
an  activation  analysis. 

The  actual  determination  was  based  on  the  neutron  reaction,  Sr**  (n,  y) 
Sr.*^"*  Strontium*^™  has  a  half  life  of  168  minutes  and  emits  a  0.388  mev 
gamma  in  its  decay.  After  a  neutron  irradiation  of  at  least  4  hours,  each 
sample  was  processed  by  a  radiochemical  separation  technic  in  which  a  known 
amount  of  inactive  strontium  was  added  to  carry  the  radiostrontium  through 
the  procedure.  Holdback  carriers  were  added  at  various  points  in  the  separa¬ 
tion  so  as  to  remove  contaminant  radioelements  from  the  separated  radiostron¬ 
tium.  Hnally,  the  strontium  carrier  and  radiostrontium  were  precipitated  as 
the  oxalate.  The  strontium  oxalate  was  weighed  to  obtain  the  chemical  yield 
of  the  carrier.  The  precipitate  was  then  transferred  to  a  suitable  mount  and 
the  radioactivity  measured  in  a  gamma  counter.  The  radiochemical  purity 
of  the  precipitate  was  checked  by  means  of  a  decay  count  and,  in  some  in¬ 
stances,  a  gamma  spectral  analysis.  The  quantitative  determination  of  stron¬ 
tium  is  based  on  the  radioactivity  of  the  unknown  as  compared  with  that 
produced  in  a  series  of  samples  containing  known  amounts  of  strontium  which 
had  been  irradiated  simultaneously  with  the  unknowns  and  processed  radio- 
chemically  in  the  same  manner. 

RESULTS  AND  DISCUSSION 

The  entire  experimental  data  are  condensed  in  Table  II.  Chronic  toxicity 
in  the  treated  animals  was  not  apparent  on  the  basis  of  body  weight.  The 
long  bones  of  the  treated  rats  showed  no  abnormality  either  in  rates  of  longi¬ 
tudinal  and  transverse  growth,  or  in  gains  in  strength  and  mineral  content. 
These  results,  based  in  part  on  relatively  rapid  phases  of  growth,  confirm  and 
extend  previous  findings  showing  the  noneflfect  of  stable  strontium  on  the 
breaking  strength  and  length  of  adult  rat  bones.^ 

The  level  of  strontium  in  the  weanling  bones  equalled  that  in  ashed  human 
bones  (0.0234  per  cent),"  and  this  concentration  was  1.5  times  the  per  cent 
strontium  in  bones  of  control  rats  180  days  older.  This  reduction  in  initial 
strontium  level  reflects  the  relatively  low  strontium  content  of  the  diet  and 
the  ability  of  the  young  skeleton  to  eliminate  or  redistribute  some  of  the 
.strontium  acquired  before  weaning.  The  per  cent  strontium  in  the  bones  of 
the  treated  rats  was  about  10  times  that  in  the  weanling  bones.  The  absolute 
quantity  of  strontium  increased  between  90  and  180  days  (Table  III)  during 
which  time  the  femur,  for  example,  increased  in  mineral  content  by  100  mg. 
However,  the  per  cent  or  concentration  of  strontium  in  the  long  bones  did  not 
increase  during  this  period  (Table  II).  If  the  data  suggest  a  metabolic  state 
of  strontium  equilibrium,  they  do  not  indicate  attainment  of  a  saturation 
level,  .since  much  higher  levels  (5  to  6  per  cent)  of  strontium  in  bone  ash 
have  been  reported." 


56 


SAVrHUCK 


J.  D.  Re<. 
Jan.— Keb..  1959 


Table  III 

Tub  Acccmulation  of  Strontium  in  the  Long  Bones  of  Young  and  Adult  Albino  Rats* 


GROUP 

no.  of  days  on 

EXPERIMENT 

FEMUR 

HUMERUS 

TIBIA 

Weanling 

0 

8.03 

4.58 

7.26 

Control 

90 

38.45 

17.89 

29.15 

Control 

180 

57.54 

25.36 

47.88 

Strontium 

90 

745.62 

309.33 

598.30 

Strontium 

180 

942.82 

396.80 

632.63 

•Values  are  expressed  in  terms  of  niicrogrrams  of  strontium  per  bone  and  are  derived 
from  the  average  ash  weight  of  a  bone  and  its  strontium  concentration  in  per  cent. 


The  effect  of  age  on  dietary  strontium  uptake  has  not  been  clarified.  A 
report*®  stating  that  a  constant  fraction  (averaging  2.7  per  cent)  of  the  dietary 
.strontium  was  found  to  accumulate  in  rat  skeletons  and  that  this  degree  of 
retention  was  not  obviously  infiuenced  by  the  age  of  the  rats  appears  to  be 
inconsistent  wdth  the  data  in  Table  III  showing  an  age  effect  on  uptake  of 
ingested  strontium  by  the  long  bones.  The  discrepancy  may  lie  in  the  fact 
that  whole  rat  .skeletons  presumably  include  the  continuously  erupting  incisors 
as  well  as  the  vertebral  column  in  which  the  rate  of  mineral  accretion  exceeds 
that  of  all  other  skeletal  components.**  Thus,  the  total  skeletal  accumulation  of 
strontium  in  growing  adult  rats  may,  within  limits,  appear  to  be  proportional 
to  the  quantity  of  strontium  ingested.  However,  age  has  been  shown  to  ap¬ 
preciably  influence  the  retention  of  ingested  fluoride  in  the  rat  humerus,** 
and  an  analogous  situation  occurs  in  the  case  of  strontium,  as  seen  in  Table 
111.  The  ab.solute  quantity  (micrograms)  of  strontium  deposited  in  the  long 
bones  of  rats  consuming  the  strontium  solution  for  180  days  was  only  6  to  28 
per  cent  greater  than  that  acquired  in  the  first  90  days  on  experiment.  Long 
bones  of  the  180-day  controls  contained  only  50  per  cent  more  strontium  than 
did  the  90-day  group.  Per  cent  increase  in  strontium  in  all  control  bones 
between  90  and  180  days  exceeded  the  per  cent  increase  in  ash  for  the  same 
period,  although  the  reverse  was  true  during  the  first  90  days.  Thus,  the 
regulation  of  strontium  uptake  by  factors  other  than  the  total  mass  of  mineral 
matter  is  obvious. 

While  the  various  physical  measurements  (Table  II)  serve  to  compare  test 
and  control  regimens,  the  results  also  pose  questions  as  to  the  interrelations 
between  mineral  accretion,  enlargement  of  external  dimensions,  and  changes 
in  strength  of  a  bone.  Table  IV  represents  an  attempt  to  analyze  some  of  the 
complexities  of  the  gro^rth  processes.  Because  of  their  remarkable  agreement, 
values  for  test  and  control  animals  were  combined.  The  tremendous  increases 
in  breaking  strength  of  the  bones  90  days  postweaning  is  notable.  An  1,800 
per  cent  increase  in  the  strength  of  the  femur  compared  with  a  corresponding 
increase  in  length  of  only  70  per  cent  prompted  a  search  for  simple  direct 
relations  among  the  various  factors.  Expressing  the  per  cent  increase  of  any 
two  factdrs  as  a  ratio  showed  a  consistency  among  the  3  bones,  but  the  ratio 
was  not  constant  for  both  age  groups.  Therefore,  the  per  cent  increments 
in  length,  strength,  volume,  and  mineral  content  of  a  long  bone  seem  to  vary 
disproportionately  with  growth  or  maturation. 
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Percentagewise,  the  magnitude  of  transverse  growth  contrasted  strikingly 
with  that  of  longitudinal  growth,  which  showed  the  lowest  per  cent  gain 
of  all  the  measurements.  Transverse  growth  of  the  weanling  femur  in  3 
months  resulted  in  an  increase  in  average  cross-sectional  area  (vol./length) 
of  25  sq.  mm.,  or  an  expansion  of  325  per  cent,  compared  with  an  increase  in 
length  of  only  70  per  cent.  Yet,  the  lengthwise  growth  of  the  skeleton  is  an 
index  of  over-all  bone  growth,  judging  by  our  concept  of  “human  growth  in 
height,  stature  being  quite  an  exact  measure  of  skeletal  size.’”® 

Despite  the  varied  patterns  of  fluctuation  in  per  cent  increase  of  the  tiiad 
of  physical  measurements  and  ash  weight,  the  two  most  sensitive  of  these 
variables,  in  terms  of  relative  magnitude,  are  the  breaking  strength  and  ash 
weight.  Breaking  strength  jjrobably  reflects  localized  changes  associated  with 
maturation  as  well  as  growth,  being  a  measure  of  the  bone’s  “utmost  ability 
to  resist  force,  i.e.,  to  resist  force  to  the  point  of  fracture.”’*  It  is  suggested 
that  ash  weights  serve  to  ascertain  the  attainment  of  skeletal  maturity  in 
experiments  with  “adult”  or  “non-growing”  rats.  A  termination  of  gain  in 
skeletal  ash  seems  to  be  a  more  sensitive,  if  not  more  dependable,  criterion  of 
skeletal  maturity  than  the  conventional  termination  of  lengthwise  growth  of 
a  tubular  bone. 

Formulation  of  an  expression  describing  a  relation  between  different 
measurements  of  bone  growth  was  an  aim  of  the  present  study.  Table  V  is 
an  approach  to  this  objective.  For  all  3  tubular  bones,  a  constant  ratio  of 
about  2  was  derived  by  dividing  the  logarithms  of  the  per  cent  increases  in 
length,  volume,  strength,  or  ash  for  the  first  and  second  90  days,  respectively. 
This  relation  also  applied  to  body  weight,  since  the  weight  increases  for  the 
two  periods  were  402  per  cent  and  31.4  per  cent,  respectively,  and  log  402/log 
31.4  ==  1.74.  The  relation,  however,  does  not  hold  for  the  logarithms  of  the 
absolute  increases. 

Table  V 

Relations  of  Bone  Growth  Measurements  in  the  Rat 
Ratios  of  the  Logarithms  of  Per  Cent  of  Increments  for  First  and  Second 
3-Month  Periods  After  Weaning 


BONE 

LENGTH 

TOTAL 

VOLUME 

breaking 

STRENGTH 

ASH  WT. 

Femur 

1.93* 

1.88 

2.17 

1.86 

Humerus 

1.73 

1.80 

2.01 

1.70 

Tibia 

2.09 

1.99 

2.07 

1.97 

•Values  in  this  table  are  derived  from  Table  III.  For  example,  the  Increase  In  femoral 
length  was  70  per  cent  In  the  first  3  months  after  weaning:  and  9  per  cent  In  the  succeeding: 
3  months.  Thus,  log’  70/  log  9  =  1.93. 


SUMMARY 

The  influence  of  a  strontium  supplement  on  bone  growth  was  studied  in 
male,  Osborne-Mendel  rats  of  an  inbred  strain  over  periods  of  90  and  180  days 
postweaning. 

1.  Rates  of  longitudinal  and  transverse  growth,  gains  in  breaking  strength 
and  mineral  component  of  the  tubular  bones  showed  no  evidence  of  abnor¬ 
mality  in  the  rats  which  had  received  strontium. 
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2.  Both  control  and  test  animals  showed  a  decidedly  reduced  rate  of  ac¬ 
cumulation  of  ingested  strontium  in  various  long  bones  during  90  to  180 
days  postweaning. 

3.  The  postweaning  per  cent  gain  in  breaking  strength  of  the  tubular 
bones  is  remarkable,  being  20  times  the  per  cent  increase  in  length  after  90 
days. 

4.  Growth  in  length,  volume,  strength,  and  ash  of  the  long  bones  showed 
a  twofold  ratio  between  the  logarithms  of  the  respective  per  cent  increases  in 
these  quantities  for  the  first  3  months  postweaning  versus  the  succeeding  3 
months. 

5.  Procedures  are  desenbed  for  measuring  the  total  volume  of  small  ani¬ 
mal  bones  with  a  precision  averaging  better  than  ±  0.002  ml.  and  for  deter¬ 
mining  the  relative  breaking  strengths  of  small  bones  with  an  average  absolute 
deviation  of  less  than  6  per  cent. 

For  the  determinations  of  strontium,  the  author  acknowledges  with  thanks  the  coop¬ 
eration  of  Mr.  G.  W.  Leddicotte  of  the  Activation  Analyses  Group,  Analytical  Chemistry 
Division,  Oak  Ridge  National  Laboratory.  The  technical  assistance  of  Mrs.  Mary  H.  Pugh 
in  all  other  phases  of  the  experimental  work  has  been  invaluable. 
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THl!)  POLARIZED  LIGHT  APPEARANCES  OF  HU^^IAN  DENTAL 

ENAMEL 

J.  H.  ALLAN 

University  of  Sheffield,  Sheffield,  England 
INTRODUCTION 

SINCE  the  early  studies  of  von  Ebner,®  linear  polarized  light  has  been  used 
by  numerous  workers  to  investigate  the  microstructure  of  mature  and 
developing  human  dental  enamel.*’  *’  ®’  *’  *’  **•  **’  In  particular,  the  method 

has  been  used  to  study  the  distribution  of  the  crystalline  mineral  matter. 
Briefly,  the  main  conclusions  reached  by  these  investigators  may  be  sum¬ 
marized  as  follows.  Mature  enamel,  which  is  nonimbibable  and  shows  nega¬ 
tive  intrinsic  birefringence,  consists  of  hydroxyapatite  crystallites  whose 
optic  axes  make  angles  of  between  5  and  40  degrees  with  the  long  axes  of 
the  enamel  prisms.  Immature’enamel  consists  of  hydroxyapatite  crystallites, 
similarly  arranged  to  those  in  mature  enamel,  with  intervening  areas  of 
organic  matter  containing  imbibable  spaces.  This  latter  arrangement  results, 
under  suitable  conditions,  in  the  interaction  of  the  negative  intrinsic  bire¬ 
fringence  of  the  crystallites  with  the  positive  form  birefringence  of  the  spaces. 

The  following  communication  describes  results  obtained  using,  for  the 
first  time,  an  immersion  medium  of  high  refractive  index,  and  also  certain  im¬ 
portant  anomalous  features  of  the  polarized  light  appearances  of  human 
dental  enamel  seen  in  numerous  specimens. 

MATERI.4L  AND  METHODS 

A  formol-saline  fixed  upper  permanent  molar,  with  a  clearly  defined  white 
hypomineralized  area  on  its  lingual  surface,  was  selected  from  the  routine 
hospital  collection  of  extracted  teeth  to  illustrate  these  anomalous  appear¬ 
ances.  From  this  tooth,  a  30  /*  buecolingual  ground  section  involving  the 
hypomineralized  area  was  prepared. 

A  microradiograph  of  the  section  was  taken  on  Kodak  Maximum  Resolu¬ 
tion  Plate  using  a  Metro-Vickers  Raymax  x-ray  unit  operated  at  30  kv.,  15 
Ma.,  copper  target,  nickle  filter. 

The  following  immersion  media  were  prepared  and  their  refractive  in¬ 
dices  checked  on  a  Leitz-Jelley  refractometer. 

Received  for  publication  July  18,  1958. 
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1.  Distilled  water 

n  =  1.336 

2.  70  per  cent  alcohol 

n  =  1.363 

3.  90  per  cent  alcohol 

n  =  1.366 

4.  Absolute  alcohol 

n  =  1.367 

5.  Absolute  alcohol  and  xylol 

n  =  1.43 

6.  Xylol 

n  =  1.50 

7.  Methylene  iodide  and  xylol 

n  =  1.569 

8.  Methylene  iodide  and  xylol 

n  =  1.6.34 

9.  Methylene  iodide  and  xylol 

n  =  1.686 

10.  Methylene  iodide 

n  =  1  737 

n.  Methylene  iodide  and  high  refractive  index  fluid 

n  =  1.83 

12.  ^lethylene  iodide  and  high  refractive  index  fluid 

n  =  1.96 

13.  High  refractive  index  fluid 

n  =  2.05 

The  high  refractive  index  immersion  fluid  was  that  suggested  by  C.  D.  West. 

It  was  prepared  by  gently  warming  eight  parts  by  weight  of  phosphorns  with 
one  part  by  weight  of  methylene  iodide  and  one  part  by  weight  of  sulfur. 

Starting  with  distilled  water,  the  section  was  immersed  for  a  total  of  one 
hour  in  each  of  the  above  fluids,  except  the  last  three  in  which  the  period  of 
immersion  was  limited  to  15  minutes  because  of  inflammability.  The  appear¬ 
ance  of  the  section  was  then  noted  in  monochromatic  polarized  light — a 
sodium  lamp  being  used  as  the  light  source.  With  a  Berek  compensator  the 
retardations  at  various  points  were  calculated  for  each  fluid  after  15  minutes. 
30  minutes,  and  60  minutes  of  immersion,  each  result  being  the  average  of  two 
readings. 

OBSERVATIONS 

The  microradiograph  (Fig.  1)  showed  a  central  zone  of  low  mineral  con¬ 
tent,  within  which  there  were  mineral  variations  corresponding  to  the  striae 
of  Retzius.  This  central  zone  was  surrounded  by  areas  of  well-mineralized 
enamel. 

When  the  section  was  placed  in  distilled  water  and  examined  in  linear 
polarized  light  (Fig.  2),  the  main  mass  of  the  enamel  appeared  negatively 
birefringent  with  a  central  positively  birefringent  area  bordered  by  an  iso¬ 
tropic  zone.  This  positive  area  corresponded  with  the  area  of  lowest  mineral 
density  seen  on  the  mieroradiograph. 

When  immersed  in  absolute  alcohol,  after  passage  through  70  per  cent 
and  90  per  cent  alcohol,  positive  zones  bordered  by  isotropy  slowly  appeared 
on  the  occlusal,  cervical,  and  surface  aspects  of  the  central  positive  area, 
which  itself  showed  a  slight  decrease  in  positive  birefringence  (Fig.  3).  The 
<leeper  parts  of  the  surrounding  well-mineralized  enamel  also  showed  a  con¬ 
siderable  reduction  in  the  strength  of  their  negative  birefringence. 

In  absolute  alcohol  and  xylol  (n  =  1.43),  the  central  previously  positive 
zone  became  completely  isotropic,  and  a  slight  decrease  was  noted  in  the 
size  of  the  peripheral  positive  and  isotropic  zones. 

In  xylol  (n  =  1.50),  the  central  zone  became,  weakly  negatively  bi¬ 
refringent,  and  the  peripheral  positive  and  isotropic  zones  showed  further 
slight  regressions. 
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In  methylene  iodide  and  xylol  (n  =  1.569),  the  central  hyponiineralized 
area,  became  more  stronfjly  ncffatively  birefringent,  and  the  peripheral  posi¬ 
tive  and  isotropic  zones  showed  a  further  slight  regression  and  decrease  in 
the  strength  of  positive  birefringence. 

In  methylene  iodide  and  xylol  (n  =  1.634)  (Fig.  4),  the  central  zone 
showed  a  further  increase  in  negative  birefringence,  and  the  peripheral  posi¬ 
tive  and  isotropic  zones  remained  about  the  same.  The  deeper  parts  of  the 
well-mineralized  enamel  were  now  slowly  returning  to  the  negative  birefrin¬ 
gence  noted  in  water.  At  about  this  refractive  index,  the  form  birefringence 
should  have  been  abolished,  and  thus  theoretically  the  appearances  should 
have  represented  only  the  intrinsic  birefringence,  and  hence  the  distribution 
of  the  crystalline  mineral  matter. 


Fig.  1.  Fig.  2. 

Fig.  1. — Microrailiograph  of  section  showing  central  area  of  low  mineral  content.  (Xl9.) 

Fig.  2. — Same  section  as  Fig.  1  showing  negatively  birefringent  enamel  with  a  central 
positive  zone  bordered  by  isotropy.  Polarlzetl  white  light.  Immersed  In  water.  (xl9.) 

The  methylene  iodide  and  xylol  (n  =  1.686)  and  methylene  iodide  (n  = 
1.737)  media  showed  a  decrease  in  the  strength  of  negative  birefringence  in 
the  hyponiineralized  central  zone,  but  little  other  change. 

On  immersion  in  the  three  high  refractive  index  fluids,  the  central  zone 
became  less  negatively  birefringent,  isotropic,  and.  Anally,  more  positively 
birefringent  than  in  distilled  water.  The  peripheral  positive  and  isotropic 
zones  showed  a  gradual  enlargement  (Fig.  5),  and  the  deeper  enamel  showed 
a  redueation  in  negative  birefringence. 

Three  different  types  of  behavior  were  thus  exhibited  by  the  enamel  on 
pas.sage  of  the  specimen  through  the  immersion  media,  and  are  represented 
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l)y  the  points  .1,  li,  and  C  (Fi};.  2)  at  which  retardation  rcadin{?s  were  taken. 
A  was  in  the  periplieral  jiositive  zone,  H  was  in  tlie  central  positive  zone,  and  (' 
was  a  surface  area  which  showed  minimal  alteration  during  immersion. 

A  showed  a  behavior  (Fig.  6,  A)  becoming  positive  in  absolute  alcohol  and 
remaining  so,  which  did  not  appear  to  be  related  to  the  refractive  index  of  the 
immersion  fluid.  It  was  thus  clear  that  the  polarized  light  appearances  of  this 
area  in  all  media,  except  possibly  water,  did  not  depend  solely  on  the  interaction 
of  form  and  intrinsic  birefringence  as  described  for  an  ideal  mixed  body  and. 
therefore,  gave  no  accurate  reflection  of  the  amount  of  crystalline  mineral 
matter  present. 

B  showed  the  theoretically  anticipated  type  of  curve  resulting  from  the 
interaction  of  positive  form  birefringence  and  negative  intrinsic  birefringence 
in  an  ideal  mixed  body  (Fig.  6,  B)  and,  in  general,  was  compatible  with  existing 
theories  on  enamel  microstruture. 


Fig.  8.  Fig.  4.  Fig.  5. 


Fig.  3. — Same  section  as  Fig.  2  showing  slighUy  reduced  central  positive  zone  with  sur¬ 
rounding  positive  and  Isotropic  areas.  Polarized  white  light.  Immersed  in  absolute  alcohol. 
(X19.) 

Fig.  4. — Same  section  as  Fig.  2  showing  negatively  birefringent  central  zone  surrounded 
by  positive  and  Isotropic  areas.  Polarized  white  light.  Immersed  in  methylene  iodide  and 
xylol  (n  =  1.634).  (Xl9.) 

Fig.  6. — Same  section  as  Fig.  2  showing  positively  birefringent  central  zone  surroundeti 
by  positive  and  isotropic  areas.  Polarized  white  light.  Immersed  in  high  refractive  index 
fluid  (n  =  2.05).  (Xl9.) 

C  showed  very  little  alteration  in  negative  birefringence,  as  anticipated 
in  an  area  of  well-mineralized,  relatively  nonimbibable  enamel  (Fig.  6,  C). 
There  was,  however,  a  slight  continuous  decrease  in  negative  birefringence  be- 
tw’een  distilled  w'ater  and  the  methylene  iodide  and  xylol  piixture  (n  =  1.686). 

Comparing  curves  *1,  B,  and  (■  (Fig.  6),  it  further  appeared  that  the  nega¬ 
tive  intrinsic  birefringence  at  B  was  greater  than  at  either  A  or  C  in  immersion 
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media  of  refractive  index  1.569,  1.634,  or  1.686,  suggesting  that  B  was  better 
mineralized  than  either  A  or  C.  Reference  to  the  mieroradiograph  clearly 
showed  this  result  to  be  completely  erroneous,  thus  invalidating  the  distribution 
of  mineral  matter  suggested  by  the  polarized  light  appearances  in  these  media. 


Fig.  6. — Rffect  of  variation  of  the  refractive  index  of  the  imineraion  fluid  on  the  flnal  retarda 

tion  at  point.s  A,  B,  and  C. 


F'ig.  7. — Effect  of  time  on  the  retardation  at  points  A,  B,  and  C  in  the  series  of  immersion 

fluids. 

Little  variation  was  noted  in  the  retardation  values  obtained  after  15 
minutes,  30  minutes,  and  60  minutes  immersion  in  each  fluid  (Hg.  7).  This 
result  suggested  that  15  minutes  of  immersion  was  as  satisfactory  as  60  under 
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the  expefiniental  conditions  obtainiiiff.  h^ll•ther  experimental  work  has  indi¬ 
cated,  however,  that  immersion  time  can  materially  influence  the  polarized 
light  appearance  of  the  specimen. 


DISCUSSION 

These  observations  clearly  indicate  the  operation  of  factors  in  addition 
to  those  considered  when  enamel  is  simply  treated  as  an  ideal  mixed  body 
of  the  rodlet  type.  Although  the  occurrence  of  such  factors  has  previously 
been  reported  in  the  polarized  light  study  of  biologic  materials,  their  inter¬ 
pretation  is  uncertain. 

Schmidt"  described  two  types  of  such  additional  factors.  First,  altera¬ 
tions  in  the  strength  and  sign  of  the  birefringence  ot  keratin  and  collagen 
fibers  produced  either  by  temperature  change,  or  immersion  in  acids  or  alkalis, 
or  such  media  as  water,  ethyl  alcohol,  ether,  formalin,  glycerol,  xylol,  oil  of 
cloves,  cedar  wood  oil,  monobromnaphthalene,  and  methylene  iodide.  The,se 
changes  he  interpreted  as  being  due  to  the  swelling  of  the  immersed  material, 
with  disorientation  of  its  miscellar  structure  resulting  in  alterations  in  its 
birefringence.  Heat  and  immersion  in  concentrated  solutions  of  potassium 
hydroxide,  sodium  hydroxide,  carbolic  acid,  and  potassium  mercuric  iodide 
were  described  as  producing  similar  birefringence  changes  in  elastin  fibers. 

Second,  Schmidt  described  a  birefringence  change,  von  Ebner’s  phenol 
reaction,  which  occurs  in  collagen  and  elastin  and  is  produced  by  the  orien¬ 
tated  adsorption  of  molecules  of  the  immersion  fluid  on  to  the  surface  of  the 
miscelles — a  dichroic  effect.  This  change  was  described  as  occurring  with 
phenols  and  aldehydes,  such  as  eugenol,  aniline,  cinnamon  oil,  and  watery 
solutions  of  phenol  and  picric  acid.  An  apparently  similar  phenomenon  of 
the  preferred  orientation  of  embedding  wax  in  decalcified  sections  of  enamel 
organic  matrix  has  recently  been  reported  by  Poole.^® 

Keil,®  Darling,*  and  Schmidt"  interpreted  the  anomalous  birefringence 
changes  in  the  outer  parts  of  the  caries  lesion,  as  being  due  to  the  presence 
of  gas  or  vapor-filled  intermiscellar  spaces.  Keil  considered  the  gas  to  be 
produced  during  the  carious  destruction  of  the  enamel,  while  Darling  con¬ 
sidered  it  to  be  an  artefact  created  during  the  withdrawal  of  water  from  the 
intermiscellar  spaces  by  ethyl  alcohol.  Schmidt,  in  addition,  suggested  that 
the  presence  of  the  gas  or  vapor  was  the  result  of  desiccation  of  the  specimen 
with  consequent  shrinkage  of  the  enamel  organic  matrix. 

Considering  the  anomalous  birefringence  appearances  reported  in  the 
present  investigation  in  the  light  of  these  theories,  it  is  clear  that  the  dis¬ 
orientation  of  the  miscellar  structure  would  not  account  for  the  changes  noted. 
It,  therefore,  seems  most  probable  that  the  anomalous  birefringence  changes 
are  produced  by  alterations  in  the  properties  of  the  imbibed  fluid  within  the 
intermiscellar  spaces,  possibly  of  the  type  suggested  by  Schmidt"’  "  or  Dar¬ 
ling.*  Hartshorne  and  Stuart*  have  pointed  out,  however,  that  in  fact  the 
properties  of  the  imbibed  fluid  are  somewhat  different  from  those  of  the  free 


66 


ALLAN 


J.  D.  Res. 
Jail. — Feb..  1959 


liquid.  It  has  a  higher  density,  a  lower  vapor  pressure,  and  a  different  re¬ 
fractive  index.  Moreover,  there  is  the  possibility,  first  shown  by  Maxwell, 
that  the  fluid  may  acquire  an  anisotropic  character  as  a  result  of  its  various 
parts  flowing  with  different  velocities. 

SUMMARY 

The  appearances  of  human  dental  enamel  in  linear  polarized  light  are 
not  completely  explicable  in  terms  of  a  rodlet  type  of  Weiner  ideal  mixed 
body.  A  correlation  of  the  microradiographic  and  polarized  light  findings, 
in  the  present  investigation,  suggests  that  the  behavior  of  the  immersion 
fluid  within  the  intermiscellar  spaces  leads  to  anomalous  birefringence  ap¬ 
pearances,  which  must  be  considered  when  estimating  the  degree  of  mineral 
density  within  different  zones  of  the  enamel.  The  results  obtained  when 
using,  for  the  first  time,  an  immersion  medium  of  high  refractive  index  (2.05) 
are  also  reported. 
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THK  EFFK(T  OF  CASTRATION  ON  THE  SUBMAXILLARY  OLAND 
OF  HUNT-HOPPERT  CARIES-RESISTANT  AND 
CARIES-SUSCEPTIBLE  RATS 

LEO  M.  SKEEBNY,  SAM  ROSEN,*  ERICA  BACHEM,**  H.  R.  HUNT,* 

AND  C.  A.  HOPPERT** 

Dfliartment  of  Oral  Patholofiy,  School  of  Dentistry,  University  of  Washington,  Seattle,  Wash. 

IN  1944,  Hunt,  Hoppert,  and  Erwin^  reported  the  development  of  two  strains 
of  albino  rats  which  differed  from  the  common  strains  in  their  susceptibility 
to  dental  caries.  When  placed  on  a  cariogenic  diet,  one  strain  showed  a  late 
and  low  incidence  of  caries ;  the  other  an  abnormally  early  and  high  incidence. 
The  caries-susceptible  strain  is  difficult  to  maintain  and  shows  signs  of  low 
vitality.  Assays  of  the  proteolytic  enzyme  secretion  of  the  submaxillary 
gland  have  shown  the  protease  activity  of  the  susceptible  animals  to  be  4 
times  that  of  the  resistant  strain.*  It  was  found,  however,  that  the  proteo¬ 
lytic  activity  in  the  caries-susceptible  strain  was  of  the  same  order  as  in 
Sprague-Dawley  rats*  which  are  of  intermediate  caries  susceptibility.  The 
proteolytic  activity  in  the  caries-resistant  strain,  on  the  other  hand,  was  com¬ 
paratively  low. 

In  Sprague-Dawley  rats,  the  proteolytic  activity  of  the  subma.xillary 
gland  has  been  shown  to  be  under  partial  control  by  the  male  sex  hormone.^ 
A  similar  control  mechanism  presumably  exists  in  other  strains  of  rats.  The 
present  study  was  undertaken  to  examine  the  role  of  the  male  sex  hormone  in 
male  rats  of  the  Hunt-Hoppert  caries-susceptible  and  caries-resistant  strains. 
The  two  strains  were  compared  with  respect  to  the  time  course  of  postnatal 
development  and  to  the  effects  of  castration. 

METHODS 

Controls. — Three  developmental  stages  were  studied — rats  in  early  puberty 
(60  days  of  age),  in  late  puberty  (90  days  of  age),  and  young  adult  rats 
(150  days  of  age). 

Castrate  series:  Littermates  of  the  animals  in  the  control  group  were 
castrated  at  approximately  30  days  of  age  and  sacrificed  at  60,  90,  or  150 
days  of  age.  Each  group  consisted  of  4  to  9  animals. 

The  animals  were  killed  with  ether.  The  submaxillary  gland  was  dis¬ 
sected,  placed  in  liquid  nitrogen  and  lyophilized  in  a  freeze-drying  unit 
(Waco).  When  dry,  the  glands  were  ground  in  a  mortar  and  saline  extracts 
were  made.  Protease  activity  was  determined  according  to  the  method  of 
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Kunitz.®  Saturatiiiff  substrate  conditions  and  optimal  pH  were  determined  in 
the  Rroup  with  the  hif^hest  activity  (IbO-day-old  caries-susceptible  animals) 
and  kept  standard  for  all  other  groups. 

Assay  Conditions 


Substrate  1%  ca.sein 

(Hand  extract  cone,  (dry  wt.)  5  mg./c.c. 

Incubation  time  min, 

pll  b.6 

Temperature  37°  C’. 


The  results  are  expressed  as  units  of  optic  density  i>er  milligram  of  nitro¬ 
gen.  Nitrogen  determinations  were  made  by  the  method  of  Ma  and  Zuazaga.'* 

FINDINGS 

I.  Caries-Susceptible  Animals. — 

A.  Controls:  The  average  specific  jiroteolytic  activity  for  Hunt-Hoppert 
and  Sprague-Dawley  rats  at  different  ages  is  shown  in  Fig.  1  and  Table  1. 

Table  I.  Means  anu  Standard  Deviations  of  Protease  Activity,  O.D./mg.N,  of  the 
Sl’BMAXILLARY  GLAND  OF  CONTROL  AND  CASTRATE  HUNT-HOPPERT  RATS 

(’ARIES-SrSCEPTIBLE  CARIES-RESISTANT 

(DAYS)  NORMAL  1  ('ASTRATE  NORMAL  |  CASTRATE 

eh  0.13  ±  0.05  0.11  ±  0.02  0.09  ±  0.01  0.16  ±  0.01 

90  0.45  ±  0.08  -  0.16  ±  0.06  0.11  ±  0.02  0.14  ±  0.03 

150  0.56  ±  0.10  0..30  ±  0.06  0.23  ±  0.08  0.10  ±  0.03 

Siymficance :  Normal  vs.  Castrate 

6H  0.5  >  P  >  0.4  P  <  .001 

90  P  <  .001  .025  >  P  >  .01 

150 _ P  <  .001 _ P  <  .001 _ 

At  60  days,  the  proteolytic  activity  of  the  caries-susceptible  strain  was 
0.13  unit.  Between  60  and  90  days  an  increase  of  3i/^  times  occurred.  At 
150  days  the  activity  was  0.56  unit. 

In  the  submaxillary  gland  of  rodents,  increase  in  the  size  of  the  gland 
from  puberty  on  occurs  largely  by  an  increase  in  the  intralobular  duet  portion 
of  the  gland.  The  intralobular  ducts  are  a  secretory  component  and  thought 
to  be  the  site  of  proteolytic  enzyme  synthesis.® 

At  60  days,  most  of  the  cells  of  the  intralobular  ducts  of  the  caries-sus¬ 
ceptible  animals  were  cuboidal  and  had  round,  centrally  placed  nuclei.  A 
few  small  granules  were  present  in  the  cytoplasm.  After  60  days  of  age,  the 
cells  underwent  a  transformation  into  secretory  cells,  in  which  the  nucleus 
was  flattened  and  pressed  toward  the  periphery  of  the  cell,  and  the  cytoplasm 
became  filled  with  coarse  eosinophilic  secretory  granules.  By  90  days,  this 
differentiation  was  almost  complete. 

The  same  time  course  of  postnatal  development  had  been  observed  in 
Sprague-Dawley  rats,  in  which  the  growth  and  secretory  differentiation  of 
the  intralobular  ducts  and  the  specific  proteolytic  activity  are  accelerated 
after  puberty  is  attained.® 
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B.  Effect  of  castration:  In  the  animals  which  had  been  castrated  when 
they  were  30  days  old  and  sacrificed  at  60  days,  the  proteolytic  activity  was 
about  the  same  as  in  the  controls.  At  90  days,  the  proteolytic  activity  of  the 
castrates  was  only  a  little  higher  than  at  60  days  (Table  I  and  Fig.  2).  It 


FIr.  1. — Mean  proteolytic  activity  of  the  subniaxiliary  Kinnd  of  Hunt-Hoppert  and  SpraRue- 

Dawley  rats. 

continued  to  increase  at  about  the  same  rate  until  150  days  of  age.  Thus,  at 
60  days,  the  activity  of  the  eastrates  was  the  same  as  in  the  controls;  at  90 
days  it  was  only  one  third,  and  at  150  days  about  55  per  cent  of  that  in  the 
control  animals. 

At  60  days  of  age,  the  morphology  of  the  submaxillary  gland  in  the  eas¬ 
trated  animals  was  indistinguishable  from  that  in  the  eontrol  animals.  At  90 
and  at  150  days  of  age,  however,  the  number  of  intralobular  ducts  per  unit 
area  was  smaller  than  in  the  controls,  the  diameter  of  the  duets  was  les.s, 
there  were  few  secretory  granules  in  the  cells,  ami  the  nuclei  of  the  cells  of 
these  ducts  were  round  and  centrally  placed. 
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//.  Cancs-Resistant  Animals. — 

A.  Controls:  The  proteolytic  activity  in  the  caries-resistant  strain  did 
not  show  the  postpubeial  increase  observed  in  the  caries-susceptible  and 
Spi-ague-Dawley  animals.  At  90  days,  the  activity  was  only  a  little  higher 
than  at  60  days.  It  doubled  between  90  and  150  days.  At  60  days,  the  pro¬ 
teolytic  activity  was  a  little  lower  than  that  of  the  caries-susceptible  strain; 
at  90  days  it  was  one  fourth  of  it,  and  at  150  days  less  than  half  (Table  I). 


FiK.  2. — The  effect  of  castration  on  the  mean  proteolytic  activity  of  the  submaxillary  gland  in 
caries-susceptible  and  caries-resistant  rats. 

The  time  curve  of  development  was  like  that  of  the  castrated  caries-sus¬ 
ceptible  strain  of  rats  (Fig.  2).  This  also  resembled  the  time  euiwe  of  de¬ 
velopment  of  normal  female  Sprague-1  )awley  rats  (Fig.  1).  The  development 
of  the  intralobular  duet  portion  of  the  submaxillary  gland  also  failed  to  show 
the  acceleration  after  puberty  which  characterized  the  develojiment  of  the 
gland  in  the  caries-.susceptible  strain  and  in  the  Sprague-Dawley  males.  In¬ 
stead,  it  resembled  that  of  castrated  male  caries-susceptible  animals. 

B,  Effect  of  castration:  Until  90  days  of  age,  castration  failed  to  lower 
the  level  of  proteolytic  activity  below  the  control  level.  At  150  days,  the 
activity  was  reduced  to  one  half,  as  in  the  caries  susceptible  strain  (Table  I 
and  Fig.  2). 
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The  morphologic  changes  caused  by  castration  proceeded  in  the  same 
direction  as  in  the  caries-susceptible  strain,  but  were  much  less  severe. 

HI.  Effect  of  Male  Sex  Hormone. — 

Since  the  proteolytic  activity  of  the  submaxillary  gland  has  been  shown 
in  Spraguc-Dawley  animals  to  be  under  partial  control  by  the  male  sex  hor¬ 
mone,  a  comparison  of  the  absolute  and  relative  weights  of  the  testes  of  the 
irunt-Hoppcrt  loO-day-old  caries-susceptible  and  caries- resistant  rats  was 
made.  These  are  shown  in  Table  II.  The  weight  of  the  testis  of  the  caries- 
susceptible  animals  is  greater  than  that  of  the  caries-resistant  rats.  The  dif¬ 
ferences  observed  are  significant  to  the  0.1  per  cent  level. 


Table  II.  Absolute  and  Relative  Weights  of  the  Testis  in  Caries-Susceptible  and 

Caries-Resistant  Rats 


1  CARIES-SUSCEPTIBLE  | 

CARIES-RESISTANT 

No.  of  rats 

13 

9 

Average  body  weight  (Gm.) 

308 

342 

Wet  weight  of  testis  (Gm.) 

1.455  ±  0.133 

1.223  ±  0.117 

Relative  weight  x  lOs* 

473  ±  .32 

359  ±  25 

•Relative  weipht  =  organ  weight/body  weight. 


SU.MMARY  AND  CONCLUSIONS 

Comparison  of  the  postpubcral  development  of  the  submaxillary  gland  in 
caries-resistant  and  caries-susceptible  Hunt-Htippert  rats  shows  that  the  caries- 
susceptible  males  resemble  the  Sprague-Dawley  males.  Both  the  develop¬ 
mental  curve  of  .specific  proteolytic  activity  and  morphology  of  the  intralobu¬ 
lar  duct  portion  of  the  gland  arc  .similar  in  males  of  the  caries-susceptible 
strain  and  the  Sprague-Dawlcy  .strain.  The  caries-resistant  strain  remains 
underdeveloped  in  both  respects.  Castration  interferes  with  the  postpubcral 
development  in  the  caries-susceptible  strain  as  it  does  in  the  Sprague-Dawley 
animals,  but  has  a  less  marked  effect  in  the  caries-resistant  strain.  Thus,  the 
pattern  of  hormonal  control  appears  alike  in  earic.s-susceptible  and  Siirague- 
Dawley  animals,  but  is  altered  in  caries-resistant  animals.  Both  the  absolute 
and  the  relative  weight  of  the  testis  of  control  caries-susceptible  rats  is  sig¬ 
nificantly  greater  than  that  of  earies-re.sistant  animals.  The  findings  seem 
compatible  with  the  hypothesis  of  an  abnormally  low  androgen  level  in  the 
caries-resistant  males. 
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THK  EFFECT  OF  VITAMIN  A  DEFICIENCY  UPON  EXPERIMENTAL 
ORAL  CARC’INOOENESIS 
NATHANIEL  H.  ROWE  AND  ROBERT  J.  (iORLlN 
School  of  Dentistry,  University  of  Minnesota,  Minneapolis,  Minn. 

The  clinical  and  histolof?ic  chan}?es  seen  in  oral  epithelinin  in  both  avitamin¬ 
osis  A  and  some  precancerous  conditions  bear  many  similarities  to  one 
another.  This  study  was  initiated  to  investigate  any  possible  relationship 
among  these  conditions. 

Despite  the  fact  that  oral  cancer,  including  cancer  of  the  lip,  constitutes 
8  to  10  per  cent  of  all  cancer  seen  in  the  United  States  and  is  responsible  for 
about  4  per  cent  of  cancer  deaths,*  experimental  oral  carcinogenesis  has  only 
recently  begun  to  receive  attention.  Levy,*  in  1948,  published  a  preliminary 
report  of  the  effect  of  20-niethylcholanthrene  on  the  labial  gingiva  of  ham¬ 
sters.  Painting  of  this  material  for  varying  periods  up  to  10  weeks  yielded 
negative  results.  In  1950,  Levy  and  Ring^  described  methods  for  the  im¬ 
plantation  of  crystals  of  9, 10-dimethyl-l  ,2-benzanthracene  into  the  fundus  of 
the  hamster  jaw.  Sarcomas  were  produced  in  80  per  cent  of  the  experimental 
gr()up.  Lutz,  Fulton,  Patt,  Handler,  and  Stevens,*  in  1951,  reported  success 
in  the  transplantation  of  methylcholanthrcne-induced  sarcomas  to  hamster 
cheek  pouches.  The  first  experimentally  induced  oral  squamous-cell  car¬ 
cinomas  were  reported  by  Salley'’  in  1954. 

Vitamin  A  deficiency  has-been  primarily  studied  in  the  rat,®  but  epi¬ 
thelial  changes  have  also  been  reported  in  the  guitiea  pig,^  fox,®  mouse,®  and 
monkey.*®  Recently,  the  ham.ster  also  has  been  subjected  to  vitamin  A  de¬ 
ficiency.  Hirschi**  studied  bone  healing  in  vitamin  A  deficient  hamsters  in 
1950  and  Salley  and  Bryson**  described  various  tis.sue  changes  seen  in  the 
vitamin  A  deficient  hamster  in  1957. 

The  earliest  recorded  experimental  productioii  of  neoplasms  in  animals 
fed  a  diet  deficient  in  vitamin  A  was  by  Fibiger*^  in  1913.  Fibiger  produced 
tumoi's  in  the  stomachs  of  rats  fed  bread  and  water  using  a  parasitic  worm 
which  he  named  Sjriroptera  neoplasticum.  In  1926,  a  Japanese  investigator, 
Fujimaki**  reported  gastric  papillomas  when  rats  were  fed  a  diet  deficient  in 
vitamin  A.  In  1936,  Cramer*®  concluded  that  tumors  could  be  produced  by 
unbalanced  diets,  particularly  those  lacking  in  vitamin  A,  but  that  these  were 
only  contributory  factors  and  not  primary  caiwes  of  the  neoplasia.  Rosieky 
and  Halschek,*®  in  1944,  reported  that  vitamin  A  had  a  retarding  effect  when 
it  was  addwl  to  l)enzpyrene  and  i)ainted  on  the  interscapular  region  of  mice. 

ThlB  work  was  made  poMible  by  a  firrant.  No.  8722,  froni  the  U.  S.  Public  Health  Service. 
Received  for  |>ubllcatlon,  June  20,  1958  ;  reviHed  by  authors  Sept.  29,  1958. 
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Carminati  and  Baglioni,”  late  in  1955,  investigated  the  relationship  between 
the  epithelial  changes  due  to  vitamin  A  deficiency,  and  subcutaneous  carcino¬ 
genesis. 


matfjhals  and  methods 

One  hundred  and  twenty  golden  hamsters  (Cricetus  auratus),  25  days  of 
age,  were  singly  housed  in  an  air-conditioned  room.  They  were  fed  Nutrena 
Rabbit  Ohow  for  20  days  at  the  end  of  which  period  they  were  weighed  and 
assigned  to  different  groups.  Each  group  contained  an  equal  number  of  male 
and  female  hamsters  of  comparable  weight.  Table  I  indicates  the  total  number 
of  animals  in  each  of  the  groups,  their  feeding  regimen,  and  treatment.  Water 
ad  libitum  was  available  to  all  animals. 


Table  I 

Experimental  Desic.n 


NUMBER  OF 


(’.ROUP 

1  ANIMALS  1 

MALES 

1  FEMAI.es  I 

FEEDING  REGIME 

I 

40 

20 

20 

(a)  Vitamin  A 
deficient  diet 

(b)  Ad  libitum 

II 

30 

15 

15 

(a)  Vitamin  A 
deficient  diet 

(b)  Ad  libitum 

(c)  Supplemented 
with  400  I.  U. 
vitamin  A  per  we«‘k 

III 

30 

15 

15 

(a)  Vitamin  A 
deficient  diet 

(b)  Pair-fed  with 
(Iroup  I 

(c)  Supplemented 
with  400  I.  U. 
vitamin  A  jier  week 

IV 

10 

5 

5 

(a)  Vitamin  A 
deficient  diet 

(b)  Ad  libitum 

V 

10 

5 

5 

(a)  Vitamin  A 

tieficient  diet 


TREATMENT 

'I  0.5  per  cent  solution 
ot  7,12-din»ethyl- 
[  l,2-ben7anthracene 
J  twice  per  week 


0.5  per  cent  solution 
ot  7,12-diiiiethyl- 
1,2-benzathraceiie 
twice  per  week 


0.5  per  cent  solution 
of  7,12-diniethyl- 
1 ,2-benzanthracene 
twice  per  week 

J 

I  Liquid  petrolatum 
s  (solvent)  twice 
j  |»er  wtvk 

1 


(b)  Ad  libitum 

(c)  Supplemented 
with  400  I.  U. 
vitamin  A  per  week 


Liquid  petrolatum 
J-  (solvent)  twice 
I  jH‘r  week 


At  45  days  of  age,  the  hamsters  were  placed  on  an  experimental  vitamin 
A  deficient  diet.  The  diet  was  preparetl  to  »>rder  in  the  form  of  bread  and 
contained  6  ounces  sugar,  4  ounces  salt,  8  ounces  lard,  4  ounces  yeast,  1  gallon 
water,  and  12  pounds  flour.  The  flour  was  one  thinl  Pillsbury  whole  wheat 
flour  and  two  thirds  Pillsbury  white  flour. 
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All  animals  were  fed  the  vitamin  A  deficient  diet.  Animals  in  Groups  II, 
III,  and  V  received,  in  addition,  a  weekly  supplement  of  400  I.U.  of  water- 
solubilized,  natural  vitamin  A  }?iven  orally.  All  groups  were  fed  ad  libitum 
with  the  exception  of  Group  III  which  was  pair-fed  with  Group  I. 

The  carcinogen,  7, 12-dimethyl-l, 2-benzanthracene,  was  dissolved  in  liquid 
petrolatum  heavy  grade,  U.S.P.,  to  give  a  solution  of  0.5  per  cent  concentra¬ 
tion  by  weight.  The  carcinogen  was  topically  applied  to  the  left  buccal  cheek 
l)ouch  with  a  cotton  swab  in  Groups  I,  II,  and  III.  Groups  IV  and  V  were 
treated  in  an  identical  manner  applying  only  the  solvent,  liquid  petrolatum. 

The  carcinogen  was  applied  every  Tuesday  and  Friday  for  13  weeks. 
However,  only  21  applications  were  given  during  this  period  for  when  more 
than  one  hamster  showed  marked  suppurative  reaction  within  the  pouch  the 
following  application  was  not  given.  A  waiting  period  of  7  weeks  was  allowed 
after  applications  ceased  to  permit  latent  changes  to  manifest  themselves. 

The  animals  were  sacrificed  by  ether  inhalation  20  weeks  after  they  were 
started  on  the  vitamin  A  deficient  diet.  The  left  buccal  cheek  pouch  along 
with  the  submaxillary  salivary  gland,  regional  lymph  nodes,  and  lung  were 
dissected  out  and  fixed  in  10  per  cent  formalin.  At  the  moment  of  death, 
cardiopuncture  was  performed  and  the  blood  of  5  to  8  animals  from  each  group 
was  drawn  and  pooled  for  a  determination  of  the  serum  level  of  vitamin  A  by 
the  Price-Carr  antimony  trichloride  color  reaction  method.  The  cheek  pouch 
and  other  organs  were  embedded  in  paraffin  and  sectioned  at  a  thickness  of 
6  /*  and  stained  with  hematoxylin  and  eosin.  The  slides  were  “blinded”  and 
examined  microscopically. 

OBSERVATIONS 

After  5  weeks  on  the  vitamin  A  deficient  diet,  symptoms  of  mild  vitamin 
A  deficiency  began  to  appear  in  the  unsupplemented  groups  when  the  fur  of 
these  hamsters  lost  its  characteristic  smoothness  and  became  slightly  ruffled 
in  appearance.  About  the  sixth  or  seventh  week  the  weight  gains  began  to 
level  off.  IMr  changes  became  marked  at  7  to  8  weeks.  Very  slight  xeroph¬ 
thalmia  became  noticeable  after  about  9  weeks.  From  the  eleventh  week  the 
animals  began  to  lose  weight. 


Table  II 
Average  Weights 


AVERAGE  WEIGHT 

AVERAGE  WEIGHT 

AT  45  DAYS  OF 

AT  195  DAYS  OF 

AVERAGE  GAIN  OR  LOSS 

GROUP 

AGE  (GM.) 

AGE  (GM.) 

(GM.  PER  CENT) 

I 

74.0 

69.5 

-6.0 

-4.5 

II 

72.6 

78.9 

+8.7 

+6.3 

III 

73.6 

69.6 

-5.4 

-4.0 

IV 

80.0 

81.1 

+0.4 

+0.3 

V 

74.3 

86.9 

+17.0 

+12.6 

The  serum  level  of  vitamin  A  in  the  animals  receiving  the  supplement  of 
vitamin  A  increased  sharply  shortly  after  administration  and  fell  slowly  until 
the  next  administration  of  the  vitamin.  At  no  time  did  the  serum  level  in  the 


Figr.  1. — Hamster  pouch,  surgically  opened,  demonstrating:  multiple  tumor  masses. 

On  microscopic  examination,  the  histologically  prepared  pouches  were 
graded  into  5  categories:  (1)  normal  pouch  epithelium  (h’ig.  2);  vitamin  A 
deficient  epithelium  (Fig.  3) ;  (2)  hyperkeratosis  (Fig.  4) ;  (3)  benign  papil¬ 
loma  (Figs.  5  and  6) ;  (4)  carcinoma  in  situ  (Figs.  7  and  8);  and  (5)  invasive 
squamous-cell  carcinoma  (Figs.  9  and  10).  The  incidence  of  malignant  lesions 
in  the  unsupplemented  animals  was  about  26  per  cent  greater  than  the  sup¬ 
plemented  ad  libitum  fed  animals  and  about  34  per  cent  greater  than  those 
animals  supplemented  with  vitamin  A  but  kept  on  a  paired-feeding  regimen. 
Table  111  summarizes  the  histologic  findings. 


animals  supplemented  with  vitamin  A  fall  to  the  low  level  of  the  unsupple¬ 
mented  anifiials.  Serum  of  the  pooled  blood  of  to  8  vitamin  A  deficient 
animals  (independent  samples)  was  found  to  contain  39  /ig  per  cent  vitamin 
A.  The  serum  of  the  pooled  blood  of  5  to  8  vitamin  A  supplemented  animals 
varied  in  its  vitamin  A  content  from  57  ftg  per  cent  5  hours  after  vitamin  A 
administration  to  26  fig  per  cent  a  week  later  when  the  next  vitamin  A  admin¬ 
istration  was  due. 

The  incidence  of  clinically  observable  tumors  (Fig.  1)  was  greater  in  the 
unsupplemented  group  than  in  either  of  the  other  treated  groups. 
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Fig.  3. — Atrophic,  hyperkeratotlc  cheek  pouch  epithelium  of  vitamin  A  deficient  hamster. 

(Orig.  mag.  x415. ) 
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Pig.  2. — Normal  cheek  pouch  epithelium  of  vitamin  A  supplemented  hamster.  (Orig.  mag. 

X415.) 
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Table  III 

Titmur  Incibence  and  Hirtoixkjic  Analyhib 


Pis.  4. — Hyperplastic  epithelium  cheek  pouch  of  hamater.  (Oris-  mas-  Xtl5-) 


DISCUSSION 

Vitamin  A  deficiency  in  the  rat  can  be  readily  produced  experimentally. 
However,  attempts  in  this  laboratory  to  produce  oral  carcinoffenesis  in  this 
animal  have  not  been  successful.  The  hamster,  because  of  its  unique  pouch, 
in  which  cancer  has  been  successfully  induced  by  several  investigators,*’  ** 
was  selected  as  the  more  suitable  animal.  The  hamster  is  also  subject  to  vitamin 
A  deficiency  and  therefore  fulfilled  both  requirements  for  this  investigation. 


'8 


(Orig.  mag.  X22.) 


FIk.  8. 

Mg.  7. — Cheek  pouch  epithelium  exhibiting  carcinoma  In  situ.  (Orig.  mag.  x22. ) 
Fig.  8. — Carcinoma  in  situ.  (Orig.  mag.  X125.) 
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Fig.  9. 


Fig.  10. 

Fig.  9. — Cheek  pouch  epithelium  exhibiting  Invasive  squamous-cell  carcinoma.  (Orig. 
mag.  X22.) 

Fig.  10. — Invasive  squamous-cell  carcinoma.  (Orig.  mag.  X415.) 
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Producing  the  two  conditions  simultaneously  presents  difficulty.  The 
production  of  deficiency  symptoms  appears  relatively  early  while  neoplasia 
appears  only  after  extensive  periods.  Animals  deficient  in  vitamin  A  are  sub¬ 
ject  to  numerous  intercurrent  diseases  and  therefore  are  likely  to  die  before 
tumors  are  visible.  Therefore,  a  carcinogen  with  potency  sufficient  to  pro¬ 
duce  tumors  in  a  relatively  short  time  must  be  used.  Furthermore,  hamsters 
do  not  survive  when  fed  vitamin  A  test  diet  (U.S.P.)  for  the  rat.  A  special 
vitamin  A  deficient  diet  able  to  supply  all  other  nutritive  requirements  of  the 
hamster  had  to  be  prepared  in  order  that  the  animals  would  live  sufficiently 
long  to  exhibit  neoplasia. 

Since  animals  fed  a  vitamin  A  deficient  diet  often  lost  their  appetite, 
their  caloric  intake  was  thus  reduced.  Tannenbaurn**  has  established  that  a 
diet  with  a  restricted  caloric  content  plays  a  definite  inhibitory  role  in  the  de¬ 
velopment  of  tumors.  In  order  that  we  might  compare  vitamin  A  deficient 
animals  with  animals  fed  identically  except  for  the  vitamin  A  supplement 
and  not  animals  with  restricted  caloric  intake  with  normal  animals,  a  third 
group  to  be  pair-fed  with  the  vitamin  A  deficient  group  was  added. 

Vitamin  A  deficiency  produces  metaplastic  changes  in  the  epithelial  lin¬ 
ings  of  the  trachea  and  bronchi  which  predispose  the  animal  to  pneumonia 
and  other  respiratory  disorders.  The  observed  death  rates  reflect  this  fact, 
the  fatality  rate  of  the  vitamin  A  deficient  animals  being  two  to  three  times 
as  high  as  for  animals  supplemented  with  vitamin  A  weekly. 

While  the  average  weight  loss  of  the  various  groups  may  in  part  have 
been  related  to  the  group  death  rate,  other  factors  undoubtedly  exist.  This 
inference  is  substantiated  by  the  fact  that  while  (Jroup  I  had  a  death  rate 
of  27.5  per  cent  and  an  average  weight  loss  of  6  per  cent.  Group  III  had  a  death 
rate  which  exceeded  that  of  Group  I  by  more  than  twice  the  value  and  yet 
had  a  smaller  average  weight  loss. 

Vitamin  A  determinations  were  made  on  serum  rather  than  on  liver  be¬ 
cause  several  investigators*'*'^®  have  demonstrated  that  vitamin  A  may  be  ab¬ 
sent  from  the  liver  while  still  present  in  serum  and  other  sites.  The  samples 
of  blood,  drawn  when  animals  were  sacrificed,  demonstrated  that  even  though 
the  animals  on  the  vitamin  A  deficient  diet  had  received  no  vitamin  A  for  20 
weeks,  the  serum  still  contained  a  low  level  of  the  vitamin.  This  is  in  agree¬ 
ment  with  the  work  of  these  investigator  who  have  shown  that  the  serum 
vitamin  A  level  falls  very  slowly  until  total  depletion  of  the  labile  body  stores 
has  been  achieved,  death  occurring  shortly  thereafter.  Thus,  much  as  it  is 
desirable  to  compare  totally  depleted  animals  with  normal  animals,  in  a  study 
of  this  duration,  this  was  not  possible.  The  serum  determinations  showed  that 
the  serum  vitamin  A  level  of  the  vitamin  A  deficient  group  was  lower  than 
that  of  the  serum  of  the  vitamin  A  supplemented  animals.  The  results,  then, 
compare  2  groups  of  animals  where  vitamin  A  is  present  in  the  serum  at  two 
different  levels  rather  than  two  groups  in  which  vitamin  A  is  pre.sent  in  one 
and  absent  in  the  other.  The  data  obtained  from  this  investigation  must  be 
evaluated  in  this  light. 
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A  comparison  of  Group  I  with  Group  III  would  be  the  most  logical  method 
of  analyzing  the  effect  of  vitamin  A  deficiency  upon  carcinogenesis  without 
clouding  the  results  by  dissimilar  caloric  intake.  Neoplastic  changes  were 
obserx’^ed  more  frequently  both  grossly  and  microscopically  in  the  vitamin  A 
deficient  group.  In  both  Groups  II  and  III  (receiving  oral  vitamin  A  supple¬ 
ments)  a  greater  number  of  animals  exhibited  either  no  epithelial  change  or 
changes  within  the  range  of  benign  hyperplasia.  In  contrast,  the  vitamin  A 
deficient  animals  demonstrated  epithelial  changes  suggestive  of  various  de¬ 
grees  of  malignancy. 

A  statistical  evaluation  of  the  histologic  data  indicated  that  the  proba¬ 
bility  that  the  numerical  difference  between  Group  I  and  Group  III  would 
be  exceeded  by  chance  error  alone  is  less  than  5  per  cent.  We  may  conclude 
from  the  data  obtained-  that  a  deficiency  of  vitamin  A  in  the  hamster  may 
promote  malignant  changes  in  the  epithelium  of  the  cheek  pouch  when  a 
carcinogen  is  applied. 

SUMMARY  AND  CONCLUSIONS 

This  study  indicates  that: 

1.  In  the  carcinogen-treated  cheek  pouch  of  the  golden  Syrian  hamster, 
vitamin  A  deficiency  promotes  epithelial  tumor  production. 

2.  A  higher  tumor  incidence  in  the  group  fed  ad  libitum  than  in  the 
group  with  restricted  caloric  intake  is  in  agreement  with  the  findings  of  Tan- 
nenbaum,  namely,  that  tumor 'production  is  inhibited  by  a  diet  with  restricted 
caloric  intake.  However,  this  effect  appears  to  be  more  than  offset  if  the  diet 
is  deficient  in  vitamin  A. 
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HALF  THICKNESS  OF  DENTIN  TO  P32  BETA  RADIATION 

TAKAO  FUSAYAMA,*  KOTARO  WATANABE,**  AND  TOSHIMASA  INABA*** 

Department  of  Operative  Dentistry,  Tokyo  Medical  and  Dental  University, 
Bunkyo-ku,  Tokyo,  Japan 

INTRODUCTION 

IN  previous  research,  the  authors  have  made  use  of  P32  as  a  tracer  in  the 
evaluation  of  various  cavity  liners.  However,  the  radioauto^raphs  have 
proved  to  l>e  inconclusive  due  to  the  diffuse  shadow  of  the  isotope.  It  was  not 
possible  to  detect  whether  the  isotope  had  or  had  not  penetrated  the  liner,  be¬ 
cause  there  was  no  means  of  differentiating  the  shadow  made  by  the  penetration 
of  tracer  from  that  made  by  the  radiation  coming  through  dentin  from  tracer 
which  had  not  penetrated.  For  the  solution  of  this  problem,  it  is  necessarj’’  to 
determine  how  far  radiation  can  pass  through  dentin.  A  search  of  the  litera¬ 
ture  revealed  no  investigation  in  this  area.  Thus,  the  purpose  of  this  study  was 
to  determine  (a)  the  relationship  between  dentin  thickness  and  the  relative  in¬ 
tensity  of  radiation,  and  (b)  the  half  thickness  of  dentin  to  beta  radiation  of 
P32.  Such  data  are  pertinent  to  interpretation  of  radioautographs  made  with 
this  isotope. 

PROCEDURE 

Extracted  human  upper  central  incisors  were  used.  Forty  dry  teeth,  stored 
for  one  to  3  years  after  extraction,  were  cut  into  small  dentin  plates  approxi¬ 
mately  one  millimeter  thick.  Half  of  these  specimens  were  sectioned  parallel 
and  half  perpendicular  to  the  dentinal  tubules,  as  shown  in  Fig.  1.  In  a  second 
group,  10  teeth  were  immersed  in  a  physiologic  sodium  chloride  solution  im¬ 
mediately  after  extraction,  and  dentin  .sections  perpendicular  to  the  dentinal 
tubules  were  prepared.  These  sections  were  made  at  time  intervals  ranging 
from  one  to  7  days  after  extraction. 

The  Lauritzen  electroscope  (Fig.  2)  was  used  for  measuring  the  intensity 
of  radiation.  A  piece  of  filter  paper  previously  soaked  in  P32  (as  the  phosphate) 
.solution  and  dried  thoroughly  in  air  was  used  as  a  beta  source.  Specimens  were 
placed  on  a  lead  diaphragm  having  a  small  round  hole  approximately  0.5  mm. 
in  diameter.  The  time  required  for  the  electroscope  fiber  to  move  over  a  given 
scale  division  by  the  ionic  discharge  due  to  the  radiation  was  measured. 

Three  consecutive  readings  were  made  on  each  specimen,  each  time  the 
thickness  was  reduced  by  grinding.  The  exact  thickness  of  each  dentin  speci¬ 
men  was  determined  by  a  micrometer. 

Received  for  publication  July  1,  1958. 

*As8i8tant  Professor,  Dept,  of  Operative  Dentistry,  Tokyo  Medical  and  Dental  I’niversity. 
••Assistant,  Dept,  of  Operative  Dentistry,  Tokyo  Medical  and  Dental  University, 
•••Graduate  Student,  Dept,  of  Operative  Dentlstiy,  Tokyo  Medical  and  Dental  University. 


84 


\  olunie  38 
Number  I 


HALF  THICKNE8H  OF  DENTIN  TO  P„  RADIATION 


85 


RESULTS 

The  results  can  be  seen  in  Figs.  3,  4,  and  5.  The  intensity  of  radiation  is 
inversely  related  to  the  discharging  time  of  the  l^auritzen  electrascope*  and 
varies  approximately  in  direct  logarithmic  proportion  to  the  thickness  of  the 
absorber*  (the  dentin  specimens).  Conse<juently,  the  relative  intensity  was 
calculated  as  a  percentage  of  the  ratio  of  the  reciprocal  of  time  readings  to  that 
of  the  reading  made  with  no  specimen  in  place.  This  figure  was  plotted  log¬ 
arithmically  on  the  vertical  axis  of  the  graphs. 


radiation  parallel  radiiatlon  rectangular 

to  dentinal  tubules  to  dentinal  tubules 

KIk.  1. — Directions  of  section  and  radiation  to  dentinai  tubuies. 


Fig.  2. — Lauritzen  eiectroscope. 


discharging  time  without  specimen 
discharging  time  with  specimen 

From  these  curves,  it  is  apparent  that  approximately  0.4  mm.  of  dentin 
thickness  is  needed  to  halve  the  radiation  intensity  and  more  than  1.0  mm.  is 
needed  to  cut  it  down  to  one  third. 

The  so-called  half  thickness  of  dentin  to  P32  beta  rays  was  computed  in  the 
following  manner.  The  curves  for  individual  specimens  were  made  by  con¬ 
necting  3  points  on  the  grafts,  representing  3  measurements  of  each  .specimen. 
The  half  thickness  of  individual  specimens,  i.e.,  the  thickness  halving  the  in¬ 
tensity  of  radiation,  was  determined  on  those  individual  curves. 
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Fig.  3.  Relationship  between  the  absorbing  thickness  of  old  dry  dentin  and  the  Paj  radia¬ 
tion,  parallel  to  dentinal  tubules. 


— Belationship  between  the  absorbing  thickness  of  old  dry  dentin  and  the  Paj  radia¬ 
tion,  perpendicuiar  to  dentinal  tubules. 


Fig.  5.  Relationship  between  the  absorbing  thickness  of  fresh  wet  dentin  and  the  Paa  radia¬ 
tion,  paraliei  to  dentinal  tubules. 
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The  results  arc  summarized  in  Table  I.  The  deviation  of  the  results  is 
shown  with  standard  deviations  for  simplification,  although  the  distribution  was 
not  of  normal  curve.  It  will  be  Jioted  that  the  deviations  were  rather  small. 


Table  I 

Hale  Thickness  of  Dentin  to  P*  Beta  Rays 


dentin  plate 

1  DIRECTION  OP  RADIATION 

HALF  THICKNESS 

Old  and  dry 

Old  and  dry 

Fresh  and  wet 

Parallel  to  dentinal  tubule 
Perpendicular  to  dentinal  tubule 
Parallel  to  dentinal  tubule 

0.36  ±  0.11  mm. 

0.37  ±  0.08  mm. 

0.39  ±  0.04  mm. 

Summary  of  three  groups 

0.38  ±  0.09  mm. 

The  differences  between  the  3  groups  were  not  statistically  significant.  Thus, 
no  difference  for  half  thickness  was  found  between  specimens  prepared  so  that 
the  beta  rays  passed  parallel  to  the  dentinal  tubules  and  those  sectioned  so  that 
the  rays  passed  perpendicular  to  the  tubules.  Likewise,  no  difference  was  de¬ 
tected  between  old,  dry  dentin  and  comparatively  fresh,  wet  dentin. 

The  average  for  the  half  thickness  of  the  3  groups  was  0.38  ±  0.09  mm. 
This  result  indicates  that  a  marked  beta  radiation  can  pass  through  dentin  of 
a  thickness  of  0.4  mm.  or  greater.  The  radiation  produces  a  diffusive  shadow 
on  the  autograph  without  any  actual  penetration  of  the  isotope  itself.  This 
would  seem  to  indicate  that  detection,  by  radioautographs,  of  a  tracer  penetra¬ 
tion  of  a  rather  short  distance  and  through  a  wide  area  such  as  would  be  em¬ 
ployed  in  studying  cavity  liners,  by  use  of  a  P32  beta  source,  would  be  most 
difficult. 


CONCLUSION 

The  relationship  between  the  thickness  of  human  dentin  and  the  relative 
intensity  of  P32  beta  rays,  after  passing  through  dentin,  were  studied  by  means 
of  a  Lauritzen  electroscope. 

The  half  thickness  of  human  dentin  to  P32  beta  radiation  was  0.38  ±  0.09 
mm.  The  direction  of  radiation,  in  relationship  to  the  dentinal  tubules,  and 
the  drjmess  or  age  of  the  dentin  specimen  had  little  effect  on  the  half  thickness. 

The  use  of  this  tracer  in  the  evaluation  of  cavity  liners  by  radioautographs 
w'ould  seem  to  be  contraindicated. 
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ANTIBACTERIAL  ACTION  OF  CERTAIN  FLUORIDE-CONTAININO 
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Departmentx  of  Microbiology  and  Dental  Materials,  Indiana  University  School  of  Dentistry, 

Indianapolis,  Ind. 

There  is  increasing  evidence  that  none  of  the  currently  used  restorative 
materials  actually  seals  the  cavity  preparation.''*  h'actors  such  as  tempera¬ 
ture  change,®  galvanic  action,®  and  solubility  of  certain  materials'  further 
enhance  the  jmssibility  of  either  minute  or  gross  leakage.  Recognition  of  these 
problems  has  renewed  interest  in  the  antibacterial  properties  of  certain  restora¬ 
tive  materials.  Differences  in  baeteriologie  technics,  types  of  microorganism 
and  culture  media  used,  and  variability  in  transfer  of  ])latings  have  resulted 
in  a  lack  of  conclusive  evidence  regarding  the  exact  effectiveness  of  each 
material.®''* 

It  is  generally  recognized  ihat  the  incidence  of  recurrent  caries  around 
the  silicate  restoration  is  markedly  less  than  with  other  types  of  restorative 
materials.'®''®  It  has  been  suggested  that  this  unique  characteristic  can  be 
attributed  to  a  reaction  of  the  fluoride  in  the  silicate  with  the  surrounding 
enamel  and  dentin  to  reduce  its  solubility,  rather  than  the  fluoride  acting  as  a 
germicidal  agent  or  enzyme  inhibitor.'’  '*  It  has  also  been  shown  that  low 
concentrations  might  be  added  to  inert  materials,  such  as  resins,  to  i)rovide  a 
similar  effect.  The  purpose  of  the  investigation  was  to  determine  whether  the 
added  fluoride  might  also  i)rovide  certain  bacteriostatic  properties. 

I*ROCEDURE 

A  list  of  the  commercial  and  experimental  materials  studied  can  be  seen 
in  Table  1, 

Media  and  Organisms. — The  types  of  media  chosen  were  those  considered 
to  be  most  favorable  for  the  growth  of  each  test  strain.'®''®  Sterile  horse  serum 
or  sterile  human  saliva  was  added  to  the  media  in  order  to  make  the  experi¬ 
mental  conditions  somewhat  more  comparable  to  those  of  the  oral  cavity. 

1.  Lactobacillus — selection  medium  (L.  B.  S.)  was  used  for  Lactohacillus 
acidophilus  var.  odontolyticus  and  Lactobacillus  casei. 

This  research  was  supported  in  part  by  a  Krant  from  the  Medical  Research  and  De¬ 
velopment  Board,  Office  of  the  Surgreon  General,  E)ept.  of  the  Army,  Contract  DA-49-007-MI> 
.^91. 

Portions  of  this  paper  were  taken  from  a  thesis  submitted  by  the  senior  author  in  partial 
fulflilment  of  the  requirements  for  the  degree,  M.S.D.,  Indiana  University,  19.57. 

Received  for  publication  July  9,  19.58;  revised  by  authors  Oct.  2.  19.58. 
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Table  I 

Silicates 

S.  S.  White  Filling  Porcelain — S.  S.  White  Co. 

DeTrey’s  Filling  Porcelain — L.  D.  Caulk  Co, 

Besins 

FluorOn — American  Consolidated  Mfg.  Co. 

•Experimental  Resin  +  0.05%  SnF, 

Experimental  Resin  +  0.50%  SnF, 

Experimental  Resin  +  2.0%  SnF, 

Experimental  Resin  +  0.05%  NaF 
Experimental  Resin  +  0.50%  NaF 
Experimental  Resin  +  2.0%  NaF 
Experimental  Resin  +  5.0%  NaF 

Zinc  Phosphate  Cements 

S.  S.  White  Zinc  Cement — S.  S.  White  t'o. 

•Zinc  Phosphate  Cement  +  5%  CaF,  _ 

*Kxperimental  materials  prepared  by  courtesy  of  L.  D.  Caulk  Co.,  Milford.  Del. 

2.  Trypticase  soy  afjar  was  used  for  Streptococcus  viridans.  Staphylococcus 
pyogenes  var,  aureus,  Staphylococcus  pyogenes  var.  alhus  and  Escherichia  coH. 

3.  Brewer’s  anaerobic  medium  was  chosen  for  Clostridium  sporogenes. 

The  horse  serum  and  saliva  were  added  to  these  media  in  a  concentration 
of  0.3  ml.  per  30  ml.  of  the  melted  medium. 

Aseptic  procedures  were  utilized  as  much  as  humanly  possible.  All  instru¬ 
ments  used  in  the  exjieriments  were  sterilized  by  autoclaviiifr  under  15  pounds 
pressure  for  20  minutes  at  121°  Saliva  was  stimulated  by  chewing  gum 
and  collected  before  breakfast.  It  was  sterilized  by  filtration  through  a  Seitz 
filter. 

Media  used  in  these  experiments  were  jirepared  and  sterilized  according 
to  the  manufacturer’s  directions.  Thirty  milliliters  of  the  medium  were 
melted,  cooled  to  approximately  47°  (^.,  and  inoculated  with  0.3  ml.  of  a  saline 
suspension  of  the  test  organism.  The  same  quantity  of  medium  poured  in  a 
Petri  dish  was  lused  in  each  test.  The  sterile  horse  serum  or  human  saliva  was 
added  prior  to  inoculation  with  the  test  organism.  The  cement  was  mixed  to 
a  consistency  thick  enough  to  be  pushed  oflF  the  spatula  and,  as  soon  as  the 
mix  was  comjileted,  it  was  transferred  to  the  Petri  dish.  In  order  to  keep  the 
pellet  size  as  uniform  as  possible,  a  steel  ring  with  an  inside  diameter  of  1 1.1 
mm.  was  used  as  a  guide.  The  ring  was  placed  under  the  jilate  and  the  cement 
manipulated  until  the  diameter  of  the  pellet  coincided  with  that  of  the  ring 
underneath.  After  the  medium  was  firmly  set,  the  plates  were  incubated  at 
37.5°  C,  in  an  inverted  position  for  48  hours,  with  the  exception  of  those  plates 
inoculated  with  L.  acidophilus  var.  odontolyticus  and  Cl.  sporogenes.  These 
were  incubated  for  72  hours.  When  Cl.  sporogenes  was  used  as  the  test  organism, 
the  plates  were  placed  in  anaerobic  jars  and  stored  in  the  incubator. 

At  the  end  of  the  incubation  period,  each  plate  was  examined  for  a  zone 
of  growth  inhibition.  A  bacterial  plate  counter  was  iwed  and  the  width  of  the 
zone  was  measured  by  a  millimeter  caliper  from  the  edge  of  the  pellet  to  the 
periphery  of  the  zone  of  inhibition. 
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In  order  to  study  the  “exhaustion”  (the  state  at  which  the  material  fails 
to  inhibit  bacterial  growth)  of  the  antibacterial  effect  of  the  material,  the  pellet 
was  transferred  with  sterile  forceps  to  another  freshly  inoculated  plate.  This 
plate  was  incubated  as  previously  and  subsequently  examined  for  a  zone  of 
inhibition.  Pellets  were  transferred  to  new  plates  only  when  there  were  zones 
of  inhibition  in  the  original  plates. 

Two  additional  series  of  tests  were  run  under  the  following  set  of  con¬ 
ditions  : 

a.  Inoculated  i)lates  were  placed  in  a  refrigerator  at  9°  C.  for  12  hours. 
They  were  then  incubated  for  48  hours  at  37.5°  (\  and  examined  for  zones  of 
inhibition.  However,  plates  inoculated  with  L.  acidophilus  var.  odontolyticus 
and  Cl.  sporogenes  were  not  examined  until  the  end  of  72  hours.  The  purpose 
of  this  procedure  was  to  observe  if  any  readily  soluble  inhibitory  material 
leached  out  of  the  specimens  before  active  growth  of  the  microorganisms,  thus 
l  esulting  in  an  increased  zone  of  inhibition. 

b.  In  order  to  discover  if  any  slightly  soluble  inhibitory  material  would 
leach  out  after  the  first  48  hours  (incubation),  the  plates  were  held  at  37.5°  C. 
for  168  hours  and  then  examined. 

Experiments  With  Set  Pellets. — The  same  procedure  was  followed  in  this 
series  of  experiments  except  the  cement  pellets  were  permitted  to  harden  18  to 
24  hours  before  being  placed  on  the  agar  plates.  It  was  felt  that  experiments 
with  the  hardened  pellets  would  detect  whether  any  soluble  material  leached 
out  and  inhibited  bacterial  growth  after  the  cement  had  set. 

Experiments  With  Cement  Poivders  and  Liquids. — In  order  to  observe  the 
action  of  the  separate  constituents  of  the  cements,  tests  were  made  using  the 
individual  powders  and  liquids.  In  these  tests  no  horse  serum  or  human  saliva 
was  added  to  the  media  used.  Plates  were  poured  and  a  measured  amount  of 
cement  powder  transferred  from  the  spatula  and  pressed  into  the  semiset 
medium.  In  those  experiments  involving  the  liquids,  one  drop  was  placed  on 
the  surface  of  the  inoculated,  .solidified  medium.  All  plates  were  incubated  at 
37.5°  C.  for  48  or  72  hours  and  then  examined  for  zones  of  inhibition. 

RE.SULTS 

Kesults  on  plastic  pellets  for  only  6  of  the  cements  are  shown  in  Tables 
II-VII.  These  data  are  repre.sentative  of  each  class  of  material.  Each  figure 
is  the  mean  of  results  obtained  with  a  minimum  of  3  test  specimens.  In  Table 
VIII  can  be  .seen  the  data  obtained  with  the  various  cement  liquids.  Since  the 
results  with  the  powders,  the  hardened  specimens  and  pellets  transferred  to 
freshly  inoculated  plates  were  negative,  none  of  these  data  are  shown. 

Plastic  Pellets. — One  silicate  exhibited  antibacterial  action  agaimst  Staph, 
pyogenes  var.  aureus,  Staph.  2>yogenes  var.  alhus,  Str.  viridans,  and  Esch.  coli 
but  was  ineffective  when  tested  again.st  L.  casei  and  Cl.  sporogenes  (Table  II). 
The  resin  cements,  even  with  high  concentrations  of  fluoride,  had  no  effect 
against  any  test  organism  other  than  Esch.  coli  (Tables  III,  IV,  V). 
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Table  n 

S.  8.  White  Silicate  in  Plastic  State 


MEAN 

ZONE 

OP  INHIBITION  (cm.) 

NO  SERUM  OR 

SALIVA  ADDED 

SERUM  ADDED 

SALIVA  ADDED 

organism  used 

1  at 

1  bt  i 

mm 

1  a 

1  b 

1  c  1 

1  a  1 

b 

1  c 

Staphylococcus  pyogenes  var.  aureus 

0.46 

0.40 

0.46 

0.44 

0.36 

0.40 

0.54 

0.43 

0.43 

Staphylococcus  pyogenes  var.  alhus 

0.92 

0.86 

0.83 

0.40 

0.30 

0.36 

0.52 

0.40 

0.43 

Streptococcus  viridans 

0.24 

0.23 

0.26 

0.0 

0.0 

0.0 

0.38 

0.33 

0.30 

Escherichia  coli 

0.34 

0.33 

0.30 

0.28 

0.26 

0.26 

0.28 

0.23 

0.26 

Lactohacillus  acidophilus  var.  odon- 
tolyticus* 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

J.actobactllus  casei 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Clostridium  sporogencs* 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

•In  the  case  of  L.  acidophilus  var.  odontolyticua  an<I  Cl.  sporoyenes,  plates  were  examinol 
after  72  hours'  incubation. 

ta — Plates  examined  at  end  of  48  hours’  incubation  at  37.5*  C. 

tb — Plates  were  placed  in  refrigerator  (9*  C.)  for  12  to  15  hours,  then  incubated  and 
examined  after  48  hours. 

5c — Plates  Incubated  for  168  hours  at  37.5*  C.  and  examined  at  the  end  of  this  period.  _ 


Table  III 


Resin  +  2  Per  Cent  SnF,  in  Plastic  State 


MEAN 

ZONE 

OF  INHIBITION  (CM.) 

NO  SERI^M  OR 
SALIVA  ADDED 

SERUM  ADDED 

SALIVA  ADDED 

ORGANISM  USED 

1  at 

1  bt 

wm 

a 

1  b 

1  c 

1  a  1 

b 

1  e 

Staphylococcus  pyogenes  var.  aureus 

0.0 

0.0 

0.0 

0.0 

0.0 

00 

0.0 

0.0 

0.0 

Staphylococcus  pyogenes  var.  alhus 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Streptococcus  viridans 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Escherichia  coli 

0.16 

0.10 

0.20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.10 

Lactohacillus  acidophilus  var.  odon- 
tolyticus* 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Lactohacillus  casei 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Clostridium  sporogenes* 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

•In  the  case  of  L.  acidophUua  var.  odontolyticua  and  Cl.  aporogenea,  plates  were  examined 
after  72  hours’  incubation. 

ta,  b,  and  c — see  legends  for  Table  II. 


Table  IV 


Resin  +  2  Per  Cent  NaF  in  Pi^stic  State 


MEAN 

ZONE 

OP  INHIBITION  (cm.) 

NO  SERUM  OR 
SALIVA  ADDED 

SERUM  ADDED  | 

SALIVA  ADDED 

ORGANISM  USED 

1  at 

1  bt  ! 

1  ct  ! 

1  a 

1  b 

1  c 

1  a  1 

b 

1  « 

Staphylococcus  pyogenes  var.  aureus 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Staphylococcus  pyogenes  var.  alhus 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Streptococcus  viridans 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Escherichia  coli 

0.16 

0.10 

0.0 

0.0 

0.0 

0.0 

0.18 

0.0 

0.0 

Lactohacillus  acidophilus  var.  odon- 
tolyticus* 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Lactohacillus  casei 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Clostridium  sporogenes* 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

•In  the  case  of  L.  acidophUua  var.  odontolyticua  and  Cl.  aporogenea,  plates  were  examined 
after  72  hours'  incubation. 

ta,  b,  and  c — see  legends  for  Table  II. 


The  addition  of  sterile  hoi-se  seriini  or  sterile  huiiian  saliva  produced  results 
which  varied  with  the  material,  as  well  as  the  test  organism.  In  experiments 
u.sing  Staph,  pyogenes  var.  aureus  as  the  test  organism,  the  addition  of  serum 
or  saliva  decreased  the  width  of  the  zone  with  one  of  the  commercial  silicates 
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Table  V 

FluorOn  in  Plastic  State 


MEAN 

ZONE 

OK  INHIBITION  (CM.) 

NO  SERITM  OB 
SALIVA  ADDED 

SERl'M  ADDED 

SALIVA  ADDED 

ORGANISM  rSEI) 

1  at 

1  bt  ! 

KOI 

a 

1  b 

1 

1  a  1 

b 

1  c 

Staphylococcus  pyogenes  var.  aureus 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Staphylococcus  pyogenes  var.  alhus 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Streptococcus  viridans 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Escherichia  coli 

0.10 

0.16 

0.10 

0.0 

0.0 

0.0 

0.22 

0.16 

0.20 

jMctobacillus  acidophilus  var.  odon- 
tolytieus* 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Lactobacillus  casei 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Clostridium  sporogenes* 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

•In  the  case  of  L.  acidophilus  var.  odontolyticus  and  Cl.  sporogenes,  plates  were  examined 
after  72  hours’  incubation. 

ta,  b,  and  c — see  legends  for  Table  II. 


but  not  with  the  other.  In  exiierinients  with  Staph.  pyogen€.<i  var.  alhus,  a 
zone  of  varying  width  was  observed  with  the  cominercial  silicates,  the  coni- 
inercial  zinc  phosphate  cement  and  an  experimental  zinc  phosphate  to  which 
CaF2  was  added.  The  addition  of  sterile  horse  serum  to  the  medium  decreased 
the  antibacterial  action  of  the  two  zinc  phosphate  cements  while  a  definite 
increase  was  noted  in  the  case  of  one  of  the  silicates. 


Table  VI 

S.  S.  White  Zinc  Phosphate  (’ement 


MEAN 

ZONE 

OF  INHIBITION  (CM.) 

NO  SERl’M  OR 

SALIVA  ADDED 

SERUM  ADDED 

saliva  added 

ORGANISM  USED 

1  at 

1  bt  1 

1  ct 

1  a 

1  b 

1  c 

1  a  1 

b 

1  c 

Staphylococcus  pyogenes  var.  aureus 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

00 

0.0 

0.0 

Staphylococcus  pyogenes  var.  albus 

0.44 

0.36 

0.40 

0.18 

0.0 

0.20 

0.18 

0.26 

0.20 

Streptococcus  viridans 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Escherichia  coli 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Lactobacillus  acidophilus  var.  odon¬ 
tolyticus* 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Lactobacillus  casei 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Clo.stridium  sporogenes* 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

•In  the  case  of  L.  acidophilus  var.  odontolyticus  and  Cl.  sporogenes,  plates  were  examined 
after  72  hours’  incubation. 


ta,  b,  and  c — see  legends  for  Table  II. 

In  experiments  using  Str.  viridans  as  the  test  organism,  a  double  zone 
effect  was  seen,  a  zone  of  complete  inhibition  immediately  adjacent  to  the  pellet 
surrounded  by  a  zone  of  decreased  growth.  The  addition  of  sterile  horse  serum 
decreased  the  inhibitory  effect  of  the  silicates  while  sterile  human  saliva 
seemed  to  enhance  their  antibacterial  action. 

When  Esch.  coli  was  used  as  the  test  organism,  a  zone  of  decreased  growth 
immediately  surrounding  the  pellets  was  found  with  the  silicates.  However, 
resins  which  contained  fluorides  produced  a  minute,  clear  zone  surrounding 
the  pellets.  The  addition  of  sterile  horse  serum  or  sterile  human  saliva  to  the 
media  produced  variable  results. 

No  significant  changes  in  zones  of  inhibition  were  observed  when  plates 
were  stored  at  9°  C.  for  12  to  15  hours  and  then  incubated  at  37.5°  C.  for  48 
or  72  hours  or  when  they  were  directly  incubated  for  168  hours. 
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Table  VII 


Experimental  Zinc  Phosphate  Cement  +  5  Per  Cent  CaF,  in  Plastic  State 


MEAN 

ZONE 

OP  inhibition  (cm.) 

NO  SERUM  OR 
SALIVA  ADDED 

SERUM  ADDED 

SALIVA  ADDED 

ORGANISM  USED 

1  at 

1  bt 

1  ct 

1  ^ 

1  b 

1  c 

1  a  1 

b 

1  c 

Staphylococcus  pyogenes  var.  aureus 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Staphylococcus  pyogenes  var.  albus 

0.60 

0.66 

0.50 

0.20 

0.30 

0.23 

0.30 

0.50 

0.13 

Streptococcus  viridans 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Escherichia  coli 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Lactobacillus  acidophilus  var.  odon¬ 
tolyticus* 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Lactobacillus  casei 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Clostridium  sporogenes* 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

•In  the  case  of  L.  acidophils  var.  odontolpticus  and  Cl.  sporopeneit,  plates  were  examined 
after  72  hours’  Incubation. 

ta,  b,  and  c — see  legends  for  Table  II. 


Powders  and  Liquids. — As  with  the  hardened  pellets,  no  zones  of  inhibition 
were  observed  aprainst  any  of  the  test  orjfanisnis  with  the  11  cement  powders 
tested. 

Representative  results  obtained  with  each  type  of  liquid  can  be  seen  in 
Table  VIll.  Only  those  containing  iihosiihoric  acid  inhibited  the  growth  of 
Staph,  pyogenes  var.  aureus,  Staph,  pyogenes  var.  atbus,  Str.  t'iridans  and  L. 
acidophilus  var.  odontolyticus.  No  zones  of  inhibition  were  noticed  when  L.  casei, 
Esch.  coli,  and  Cl.  sporogenes  were  used  as  the  test  organisms.  Kadon*  and 
FluorOn  liquids  proved  to  be  quite  inert,  failing  to  exert  antibacterial  action 
against  all  the  test  organisms  except  Esch.  coli  where  a  small  zone  with  reduced 
growth  was  seen. 


Table  VIII 


Cement  Liquids 


MEAN  ZONE  OP 

INHIBITION  (CM.) 

ORGANISM  USED 

S.  8.  WHITE 

SILICATE 

KADON 

pluorOn  I 

S.  S.  WHITE 
ZINC  PHOS¬ 
PHATE  CEMENT 

Staphylococcw  pyogenes  var. 


aureus 

3.3 

0.0 

0.0 

4.5 

Staphylococcus  pyogenes  var.  albus 

3.7 

0.0 

0.0 

4.5 

Streptococcus  viridans 

3.7 

0.0 

0.0 

3.9 

Escherichia  coli 

0.0 

2.3 1 

2.5 1 

0.0 

Lactobacillus  acidophilus  var. 
odontolyticus* 

2.3 

0.0 

0.0 

5.5 

Lactobacillus  casei 

0.0 

0.0 

0.0 

0.0 

Clostridium  sporogenes* 

0.0 

0.0 

0.0 

0.0 

•In  the  case  of  L.  acidophilutt  var.  odontolyticus  and  Cl.  sporoyenes,  plates  were  eX' 
amlned  after  72  hours'  incubation. 

tReduced  growth  rather  than  complete  inhibition. 


DISCUS.SION 

The  results  obtained  with  the  silicates  were  more  or  less  in  agreement 
with  those  of  Mc(Tie*  and  Shay"  and  their  co-workers.  McCue,  using  .1/icro- 
coccus  aureus  and  E.sch.  coli  as  test  organisms,  observed  marked  germicidal  action 

•Kadon  liquid  was  employed  with  all  of  the  experimental  resin  materials. 
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with  silicate  cement.  Shay,  however,  reported  that  silicate  cement  was  amoii}; 
the  least  effective  inhibitory  material  tested  af^ainst  L.  casci,  Bacillm  hifermcn- 
tans,  and  Str.  viridans.  Results  of  the  present  investif;ation  demonstrate  that 
silicate  cement  exerted  antibacterial  action  against  Staph,  pyogenes  var.  aureus, 
Staph,  pyogenes  var.  alhus,  Esch.  colt  and  Str.  viridans,  but  was  ineffective  when 
L.  casei,  L.  acidophilus  var.  odontolyticus,  and  Cl.  sporogenes  were  used.  The 
antibacterial  action  of  zinc  phosphate  cement  was  slight.^®’ 

Considering  the  entire  group  of  materials,  generally  a  decrease  in  the 
zone  of  inhibition  was  observed  with  the  addition  of  sterile  horse  serum  to  the 
medium,  and  this  also  corroborated  the  results  of  McCue.® 

No  zones  of  inhibition  were  observed  when  the  pellets  were  transferred  to 
freshly  inoculated  plates  or  when  they  were  allowed  to  harden  for  18  to  24 
hours  and  then  embedded  in  the  inoculated  plates.  Early  research  in  this  area 
suggested  the  germicidal  efficiency  of  a  cement  to  be  dependent  on  the  liquid 
or  on  the  presence  of  soluble  salts.®  Since  no  antibacterial  action  was  observed 
with  the  cement  powders  and  only  those  mixing  fluids  containing  phosphoric 
acid  inhibited  the  growth  of  Staph,  pyogenes  var.  aureus.  Staph,  pyogenes  var. 
albus,  Str.  viridans  and  L.  acidophilus  var.  odontolyticus,  it  is  highly  probable 
that  phosphoric  acid  was  the  agent  primarily  responsible  for  the  antibacterial 
action  of  silicate  cement  when  studied  in  the  plastic  state.  Moreover,  failure 
of  hardened  pellets  to  inhibit  bacterial  growth,  coupled  with  lack  of  any  ap¬ 
preciable  antibacterial  action  observed  wdth  the  fluoride-eontaining  materials 
even  when  still  plastic,  lend  further  support  to  this  theory. 

SUMMARY 

The  antibacterial  effects  of  certain  fluoride-containing  dental  materials 
against  7  different  microorganisms  have  been  investigated.  The  powders, 
liquids,  plastic  and  hardened  pellets  of  the  materials  were  all  studied. 

These  data  indicate  that  the  addition  of  low  concentrations  of  fluorides  to 
resins  or  zinc  phosphate  cement  will  not  inhibit  growth  of  the  microorganisms 
here  tested.  Certainly,  the  results  of  this  study  give  increased  support  to  the 
theory  that  the  lower  incidence  of  recurrent  caries  associated  with  the  silicate 
restoration  is  due  to  decreased  solubility  of  the  tooth  structure  which  is  in 
apposition  to  the  restoration. 

The  materials  listed  in  decreasing  order  of  their  antibacterial  action  in 
the  plastic  state  were  the  two  commercial  silicates,  zinc  phosphate  cement  con¬ 
taining  5.0  per  cent  calcium  fluoride,  a  commercial  zinc  phosphate  cement,  and 
resins  containing  fluoride.  Addition  of  sterile  horse  serum  or  human  saliva 
to  the  medium  produced  variable  results.  There  was  no  inhibition  of  bacterial 
growth  on  transfer  of  the  pellets  to  freshly  inoculated  plates.  Likewise,  no 
effect  was  observed  when  the  hardened  pellets  or  cement  powders  were  used. 
Mixing  fluids  containing  phosphoric  acid  were  strongly  antibacterial  whereas 
the  resin  liquid  was  ineffective.  The  implications  of  these  results  have  been 
discussed. 
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THE  ROLE  OF  ACIDITY  OF  SALIVA  IN  THE  NUTRITION  OF  ORAL 

ACIDOCtENS 

L.  H.  LTGHTFOOT  AND  T.  B,  COOLIDGE 

ZoJUr  Memorial  Clinic  and  the  Department  of  Biochemistry,  University  of  Chicago, 

Chicago,  III. 

The  experiments  described  below  indicate  that  bacterial  proteolytic  enzymes 
play  an  essential  role  in  the  production  from  saliva  of  the  amino  acids 
necessary  for  the  growth  of  the  common  oral  acidogens.  The  experiments 
demonstrate  the  role  of  salivary  acidity  in  this  production  and  provide  an  ex¬ 
planation  of  the  effect  of  glucose  on  the  establishing  of  acidogens  in  the  mouth. 

The  amino  acid  requirements  of  the  streptococci  and  lactobacilli  have  been 
discussed  by  several  authors,  including  Koser  and  Thomas,'  Anderson  and 
Elliker,^  and  Niven  and  Sherman,®  and  the  requirements  of  the  two  groups  in 
general  are  similar  in  that  both  require  at  least  7  amino  acids,  and  usually  more, 
for  growth  and  acid  production.  The  free  amino  acids  in  saliva  have  been 
discussed  by  Kirch,  Kesel,  O’Donnell,  and  Wach,*  and  Woldring.®  Weisberger” 
has  shown  that  saliva  incubated  with  glucose  produces  amino  acids  sufficient 
for  the  growth  of  L.  acidophilus.  By  incubating  saliva  in  the  presence  of 
glucose,  he  found  an  increase  in  amino  nitrogen  and  amino  acid  COj  and  little 
change  in  ammonia;  in  the  absence  of  glucose  he  found  an  increase  in  am¬ 
monia.’  Proteolytic  enzymes  in  saliva  have  been  reported  by  Willstatter*^  and 
Voss.**  It  was  shown  by  Dreizen,  Reed,  and  Spies'®  that  the  action  of  trypsin 
or  amylopsin  on  salivary  mucin  releases  amino  acids  sufficient  for  the  growth 
of  L.  acidophilus. 

METHOD 

The  general  plan  of  the  experiments  was  to  add  saliva,  or  a  salivary  frac¬ 
tion  incubated  for  various  periods  of  time,  to  a  solution  containing  all  the  nu¬ 
trients,  except  amino  acids,  necessary  for  the  growth  of  L.  casei,  to  inoculate 
with  L.  casei,  and  to  measure  the  growth  and  acid  production. 

The  solution  used  was  the  synthetic  medium  of  Henderson  and  Snell" 
modified  by  a  fivefold  increase  in  the  vitamin  concentration  and,  in  the  bio- 
as.say  experiments,  by  the  omission  of  amino  acids.  In  each  case,  stock  solu¬ 
tions  of  the  various  nutritional  components  were  mixed  with  a  clear  or  nearly 
clear  neutralized  and  centrifuged  saliva  or  salivary  fraction.  The  mixture  was 
adjusted  to  pH  6.8  and  to  a  volume  of  5.0  ml.,  autoclaved  7  miiiutes  at  15 
pounds  pressure,  inoculated,  and  incubated  at  37°  C.  for  72  hours. 

Received  for  publication  July  9,  1958  ;  revised  by  authors  Oct.  7,  1958. 
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Inoculation  was  made  with  a  0.1  ml.  suspension  of  L.  casei  which  had  been 
•rrown  for  about  24  hours  in  5.0  ml.  of  tomato  juice-yea.st  broth,  washed  3 
times  with  sterile  saline,  and  resuspended  in  5.0  ml.  of  sterile  saline.  Seventy- 
two  hour  growth  was  measured  in  the  Evelyn  colorimeter  using  a  660  filter  and 
acid  production  was  measured  by  titration  with  0.1  normal  sodium  hydroxide 
using  bromthymol  blue  indicator.  The  Beckman  potentiometer  was  used  for 
pH  determinations.  In  most  cases,  the  tests  were  done  in  duplicate  and  a  con¬ 
trol  with  the  full  complement  of  amino  acids  as  casein  hydrolysate  and  trypto¬ 
phane  was  run  simultaneously.  Maximum  acid  production  of  the  complete 
medium  was  usually  8.0  ±  0.4  ml.  of  0.1  normal  acid.  The  amount  of  saliva  or 
salivary  fraction  in  all  cases  corresponded  to  1.0  ml.  of  saliva. 

The  paraffin-stimulated  saliva,  or  salivary  fractions,  prepared  in  various 
ways,  were  incubated  at  37®  C.  for  periods  from  0  to  188  hours  with  or  without 
toluene.  Submaxillary  and  sublingual  salivas  were  collected  with  the  Schneyer’* 
appliance,  and  parotid  saliva  with  the  Curby^®  cup.  Saliva  was  reconstituted 
from  the  fractions  according  to  figures  reported  by  Schneyer  and  Levin*^  in 
terms  of  the  relative  rates  of  flow  of  the  3  main  salivaiy’  fractions:  submaxillary 
69  per  cent,  sublingual  5  per  cent  and  parotid  26  per  cent.  Tests  for  sterility 
were  made  on  blood  agar  plates  and  in  thioglyeollate  broth  after  48  hours  of 
aerobic  incubation  at  37®  C.;  the  submaxillary  and  sublingual  were  found  to  be 
slightly  contaminated.  This  contamination  is  important  inasmuch  as  the  experi¬ 
ments  in  general  showed  that  bacterial  enzymes  were  responsible  for  the  libera¬ 
tion  of  the  greater  part  of  the  amino  acids  necessary  to  promote  growth  of  the 
L.  casei  in  the  bio-assay.  The  numbers  of  organisms  found  in  the  contam¬ 
inated  specimens  were,  however,  so  small  that  any  contribution  by  them  to  the 
proteolytic  enzyme  systems  under  consideration  was  deemed  negligible. 

Saliva  was  collected  from  one  subject  before  and  after  a  period  of  16  hours 
during  which  time  45,000  units  of  penicillin  as  troches  were  taken  by  mouth 
along  with  periodic  streptomycin  rinses  containing  one  gram  of  streptomycin 
each.  During  this  time  the  total  bacterial  count  fell  from  about  270,000  to 
1,000  colonies  per  milliliter  when  cultured  aerobically  on  blood  agar  plates. 
No  inhibitory  effects  of  residual  antibiotics  were  observed  in  the  assay  for  amino 
acids. 


RESULTS 

The  results  are  summarized  in  Table  I.  As  shown  by  AVeislx'rger,®  it  can 
be  seen  that  the  full  complement  of  amino  acids  and/or  peptides  is  not  present 
before  incubation.  The  very  small  growth  at  0  incubation  time  indicates,  within 
the  limits  of  error  of  the  method,  the  absence  of  a  complete  set  of  amino  acids. 
This  complement  of  amino  acids  appears  when  the  saliva  is  incubated  in  the 
presence  of  toluene,  or  in  the  absence  of  toluene,  provided  the  saliva  is  acid. 
In  general,  the  production  of  amino  acids  continues  at  a  slow  rate  during  the 
course  of  even  the  most  prolonged  incubation  period.  It  can  ahso  be  seen  that, 
in  general,  the  enzymatic  activity  is  predominantly  in  the  centrifuged  fraction 
and  that  there  is  eonsiderable  substrate  in  the  supernatant. 


Table  I 

Aciii  Produced  by  L.  casii  When  Medium  Was  Suhim.ied  With  Incubated  Salivary 
Fractions  as  the  Only  Source  of  Amino  Acids 


1 

HOURS  OF 

ACID  PRODUCED 

INCUBATION 

BY  L.  oasei 

SUBJECT 

1  SALIVA 

OF  SALIVA 

(ml.  OF  0.1  N) 

1 

Whole 

23  +  T* 

1.9 

WTiole 

23  -  T* 

0.1 

2 

WTiole 

22  +  T 

2.2 

43  +  T 

2.7 

0  -  T 

0.3 

3 

Whole 

188  +  T 

3.4 

4 

Whole 

180  +  T 

2.8 

5 

Whole 

43  +  T 

4.0 

0  -  T 

0.3 

H 

Whole 

108  +  T 

2.5 

Heated  supernatant  + 

108  +  T 

1.8 

unheated  centrifugate 

Heated  centrifugate  + 

108  +  T 

1.5 

unheated  supernatant 

Whole 

108  +  T 

3.4 

Heated  supernatant  + 

108  +  T 

2.9 

unheated  centrifugate 

Heated  centrifugate  + 

108  +  T 

2.2 

unheated  supernatant 

5 

Whole 

108  +  T 

5.0 

Heated  supernatant  + 

108  +  T 

5.3 

,  unheated  centrifugate 

Heated  centrifugate  + 

108  +  T 

3.3 

unheated  supernatant 

5 

Whole 

118  +  T 

5.3 

Whole  lM*fore  antibiotics 

45  +  T 

5.5 1 

Whole  after  antibiotics 

04  +  T 

1.41 

Heated  supernatant  + 

04  +  T 

1.0 

unlieated  centrifugate 
after  antibiotics 

Heated  centrifugate  + 

04  +  T 

0.9 

unheated  supernatant 
after  antibiotics 

6 

Whole 

108  +  T 

3.7 

Sublingual  +  submaxillary$ 

108  +  T 

0.5 

Sublingual  +  parotid  J 

108  +  T 

0.0 

Submaxillary  +  parotid^ 

108  +  T 

0.0 

Submaxillary,  parotid 

108  +  T 

0.0 

sublingual^ 

6 

Whole 

20  +  T 

1.0 

Whole  heated 

20  +  T 

0.2 

Submaxillary,  parotid. 

20  +  T 

0.2 

sublingual 

Heated  submaxillarv. 

20  +  T 

0.2 

parotid,  sublingual 

Pooled 

Whole  7.511  7.711 

23  +  T 

2.5 

Whole  heated 

0  -  T 

'  0.3 

Whole  +  acetate 

0  -  T 

0.0 

buffer  4.4  4.4 

Whole  +  acetate 

4  -  T 

1.3 

buffer  4.4  4.4 

Whole  +  acetate  buffer 

23  -  T 

2.1 

Whole  +  glucose  (5%)  7.7  7.7 

0  -  T 

0.4 

Whole  +  glucose  (5%)  7.7  4.8 

4  -  T 

0.7 

^\^lole  +  glucose  (5%)  7.7  4.0 

23  -  T 

1.4 

•+  T  = 

:  Toluene ;  -  T  =  No  toluene. 

{Slightly  contaminated. 

tCa  2’, 

’0,000  colonies  per  ml. 

II  Initial  pH. 

tl.OOO 

colonies  per  ml. 

tIpH  after  incubation. 
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Number  I 

That  most  of  the  proteolytic  activity  is  attributable  to  bacterial  enzymes 
is  shown  by  the  experiments  on  reconstituted  saliva  in  which  the  bacterial  count 
was  }?reatly  reduced,  and  by  the  experiments  on  saliva  after  treatment  of  the 
subject  with  antibiotics.  In  both  cases,  a  lar^e  reduction  in  total  bacteria  was 
accompanied  by  a  large  reduction  in  proteolytic  activity, 

DISCUSSION 

That  the  amount  of  proteolytic  enzymes  present  in  human  .saliva  is  a  factor 
limiting  tlie  rate  of  acid  production  in  the  presence  of  gluease  is  probably  the 
explanation  of  the  work  of  Fosdiek  and  Rapp*®  in  which  the  addition  of  papain 
or  trypsin  increased  the  speed  with  which  saliva-glucose  mixtures  decalcified 
enamel. 

It  has  been  shown  by  Shklair,  Englander,  Stein,  and  Kesel***  that  the  filling 
or  extraction  of  all  carious  teeth  reduced  the  laetobaeillus  count,  and  by  Bradel 
and  Blayney**  that  the  laetobaeillus  count  dropped  considerably  in  edentulous 
mouths.  These  findings  are  consistent  with  the  inference  from  our  experi¬ 
ments  that  only  as  saliva  is  retained  in  inaccessible  places  in  the  mouth  do  amino 
acids  accumulate  in  it  sufficient  for  the  nutrition  of  lactobacilli  and  streptococci. 

The  fact  that  in  the  absence  of  inhibitors  there  is  a  production  of  amino 
acids  sufficient  for  the  growth  of  lactobacilli  and  streptococci,  only  when  the 
saliva  is  acid,  suggests  that  the  production  of  acid  from  ingested  carbohydrate 
greatly  enhances  the  production  of  amino  acids  in  places  where  the  dilution  of 
locally  retained  saliva  by  freshly  secreted  .saliva  is  low,  and  could  very  well 
exjilain  the  relationship  existing  between  dietary  carlwhydrate  intake  and  the 
level  of  oral  lactobaeilli.**'^*’  It  also  seems  possible  that  the  localization  and 
extension  of  carious  lesions  are  not  to  be  explained  solely  by  the  inaccessibility 
of  certain  areas  to  the  buffering  action  of  saliva,  but  that  there  is  also  involved 
the  accumulation  of  amino  acids  in  such  areas  and  their  subseiiuent  diffusion 
to  adjacent  areas. 

SUMMARY 

1.  Saliva  incubated  in  the  presence  of  toluene  or  acid  furnishes  a  mixture 
of  amino  acids  and/or  peptides  sufficient  to  fulfill  the  amino  acid  re(|uirements 
of  L.  casei. 

2.  Reconstituted  saliva  and  saliva  collecttnl  after  treatment  with  antibiotics 
show  a  considerable  drop  in  amino  acid  production  coincident  with  the  almost 
comiilete  absence  of  bacteria. 

3.  The  relevance  of  these  findings  to  the  localization  and  propagation  of 
the  carious  lesion  and  to  the  ecology  of  acidogenic  organisms  in  the  mouth  is 
discussed. 
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BACTERIOLOGIC  STATUS  OF  PERIAPICAL  TISSUE  IN  150  CASES  OF 
INFECTED  PULPLESS  TEETH 

LOUIS  I.  GROSSMAN 

School  of  Dentistry,  University  of  Pennsylvania,  Philadelphia,  Pa. 

The  bacteriologic  status  of  the  periapical  tissue  has  heen  studied  hy  cultures 
in  one  of  several  ways,  namely,  (1)  hy  way  of  the  root  canal,  (2)  hy  extract¬ 
ing  the  tooth  and  culturing  the  root  surface  or  attached  periapical  soft  tissue, 
(3)  hy  means  of  a  trocar  and  cannula,  and  (4)  hy  making  a  window  in  the 
lahial  plate  of  hone,  as  in  root  resection.  We  shall  consider  each  of  these  methods 
in  turn. 

1.  Root  Canal. — Culturing  of  the  periapical  tissue  hy  way  of  the  root  canal 
is  not  a  reliable  method.  The  root  canal  itself  may  not  be  sterile  even  though 
the  periapical  tissue  is  sterile.  The  method  developed  by  Hedman*  in  which 
a  sterile  cannula  is  introduced  into  the  root  canal,  and  a  sterile  wire  is  then 
carried  through  the  cannula  into  the  periapical  tissue  for  taking  the  culture, 
circumvents  this  objection. 

2.  Extraction. — The  taking  of  cultures  from  extracted  teeth  or  from  the 
tooth  socket  has  been  the  most  common  method  for  determining  the  bacteriologic 
status  of  the  periapical  area.  It  is  extremely  difficult,  if  not  impossible  at 
times,  to  prevent  contamination  of  the  root  of  the  tooth  during  extraction. 
Pish®  has  aptly  described  the  difficulty  in  these  words:  “A  pool  of  blood  wells 
up  round  the  edge  of  the  gum  before  the  tooth  gives  way,  and  this  blood  becomes 
contaminated  from  the  crowns  of  the  surrounding  teeth  and  finally  is  smeared 
over  the  root  as  it  leaves  the  socket.”  In  addition,  Tunnicliff  and  Hammond® 
and  others  have  pointed  out  that,  in  the  course  of  extracting  a  tooth,  positive 
and  negative  pressure  is  created  which  alternately  forces  and  sucks  the  micro¬ 
organisms  present  in  the  gingival  area  up  along  the  root  surface.  Appleton* 
has  said:  “It  is  doubtful  if  a  tooth  can  be  extracted  by  ordinary  methods  with¬ 
out  contaminating  its  apex  with  saliva ;  and  it  is  by  no  means  certain  that  con¬ 
tamination  can  be  avoided  even  when  the  operator  is  meticulously  trying  to 
avoid  contamination.  Consequently,  in  the  long  run  it  might  he  a  good  thing 
if  we  wiped  the  slate  clean  and  started  from  scratch.” 

3.  Trocar  and  Cannula. — The  trocar  and  cannula  when  introduced  through 
the  labial  alveolar  plate  of  bone  simply  provides  a  sterile  avenue  for  obtaining 
a  sample  for  culturing.  This  method  was  originally  introduced  by  Coriell,* 
and  refinements  in  the  instrument  and  technic  were  made  by  Grossman."  Of 
32  eases  examined  by  the  author  in  this  manner,  27  gave  negative  cultures  from 
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both  trocar  and  cannula.  In  one  case,  cultures  from  both  trocar  and  cannula 
were  positive,  in  2  cases  positive  cultures  were  obtained  from  the  trocar,  and 
negative  from  the  cannula,  while  in  2  other  cases  the  reverse  was  found. 

The  trocar  and  cannula  method  (apieostomy)  has  this  limitation:  one 
cannot  always  he  sure  of  having  reached  the  periapical  tissue  unless  the  opera¬ 
tor  feels  the  instrument  drop  into  the  rarefied  area  of  destroyed  hone. 

4.  Heseciion. — The  method  which  is  most  reliable  fo’*  examining  periapical 
tissue  to  determine  whether  it  is  sterile  or  not  is  that  of  root  resection.  It  was 
first  suggested  by  Garvin’  and  u.sed  for  this  purpose  shortly  afterward  by 
Berwick.®  Burket’*  also  used  this  metho<I  for  examining  necrop.sy  material.  It 
has  the  advantage  over  other  methods  in  the  certainty  that  material  for  culturing 
will  he  taken  from  the  periapical  area  and  there  is  less  likelihood  for  contamina¬ 
tion  than  by  any  other  method.  Also,  one  can  select  specific  areas  for  culturing, 
for  example,  the  root  apex,  Ijone,  .soft  tissue,  etc.  The  disadvantage  is  that  an 
operation  with  its  potential  postoperative  sequelae  must  he  carried  out  in  order 
to  obtain  samples  for  study. 

The  material  studied  in  this  report  was  gathered  over  a  period  of  time  while 
routinely  doing  root  resections  as  demonstrations  before  undei'graduate  students. 
In  all  cases,  significant  areas  of  rarefaction  were  present  a.ssociated  with  ])ulpless 
leeth. 

METHOD 

The  material  for  culturing  was  obtained  from  pulpless  teeth  with  areas 
of  rarefaction  varying  from  about  5  to  20  mm.  in  diameter.  All  teeth  had 
been  pulp-tested  prior  to  resection  and  did  not  react  to  the  electric  current. 
The  roentgenographic  diagnosis  was  either  subacute  or  chronic  abscess,  granu¬ 
loma,  or  cyst.  In  most  cases,  the  root  resection  operation  was  carried  out  by  the 
immediate  method,  for  example,  no  prior  treatment  had  been  given  the  root 
canal,  and  both  treatment  and  filling  of  the  root  canal  were  done  immediately 
preceding  the  operation.  Under  the  circumstances,  there  was  an  element  of 
chance  for  contaminating  the  periapical  tissue  during  instrumentation  of  the 
root  canal.  In  other  cases,  the  root  canal  was  filled  after  two  negative  cultures 
had  been  obtained,  and  the  root  resection  operation  was  carried  out  the  next 
day,  or  at  most,  within  a  few  days.  In  all  cases,  the  area  to  be  operated  upon 
was  blocked  off  with  sterile  gauze  and  the  teeth,  mucosa,  gingivae,  and  lips 
were  swabbed  with  untinted  tincture  of  Metaphen.  A  control  culture  was 
then  taken  of  the  mucosa  in  the  operative  field.  Another  control  culture,  prior 
to  entering  the  periapical  area,  was  taken  of  the  labial  plate  of  bone  as  soon  as 
the  mucoperiosteal  flap  was  raised.  A  window  was  then  prepared  in  the  Imne 
by  removing  a  section  of  the  labial  plate  overlying  the  root  tip.  A  culture 
was  taken  of  the  exposed  root  tip  or  of  the  adherent  soft  tissue.  Following 
curettement,  another  culture  was  taken  of  the  osseous  bed.  In  all,  4  cultures 
were  taken.  This  procedure  was  followed  in  86  eases.  In  64  additional  cases, 
the  same  procedure  was  followed  except  that  separate  cultures  were  taken  of 
the  exposed  root  tip,  and  of  the  soft  periapical  tissue  adjacent  to  it,  such  as, 
granulomatous  or  cy.stic  tissue,  making  a  total  of  5  cultures. 
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All  cultures  were  incubated  in  brain  heart  infusion  broth  (Difco)  aerobically 
at  37°  C.,  and  examined  after  48  hours  and  again  after  one  week,  at  which 
times  records  were  made  of  the  presence  or  absence  of  growth.  The  incubate<l 
culture  tubes  were  examined  by  a  trained  bacteriologic  technician.  No  study 
was  made  of  the  types  of  organisms,  when  recovered,  as  we  were  interested  in 
knowing  only  whether  organisms  were  present  or  not. 

EVALUATION  OP  DATA 

The  data  in  41  of  the  150  ca.ses  had  to  be  discarded  for  the  following  rea.sons : 
the  mucosa  (control)  was  positive  in  22  cases;  the  labial  plate  of  bone  (control) 
was  positive  in  10  cases;  there  was  an  incomplete  number  of  cultures  taken 
in  9  cases.  In  10  cases,  cultures  of  the  labial  plate  of  bone  were  positive  but 
in  6  of  these  cases  all  other  cultures,  both  of  the  mucosa  and  of  the  periapical 
tis.sue,  were  negative.  These  data  are  not  included  in  the  evaluation.  This  left  a 
total  of  109  cases  in  which  valid  data  were  available.  Of  this  number,  all 
cultures,  both  controls  and  those  taken  of  the  periapical  area,  were  negative  in 
93  cases  (85.3  per  cent).  A  breakdown  of  the  data  is  given  in  Table  I. 


Table  I 

Cultures  Taken  Prockessivei.y  During  Root  Reseution 


■  - 

- 1 

1  1 

1  2 

1 

1  3 

4  1 

5 

1 

— 

MUCOSA 

LABIAL 

ROOT 

SOIT  1 

OSSEOl’S 

ALL  1 

I.N- 

IMJVTE 

1  TIP 

TISSUE 

BED 

CULTl’RES 

COM- 

COS.  1  NEG. 

1  I*OS.  1 

NEG. 

1  P08.  1  NEG. 

POS.  1  NEG. 

I*OS.  1 

N»i. 

1  NEGATIVE 

PLETE 

Series 

1 

14  67 

1 

80 

9 

72 

1 

80 

57 

5 

Series 

2 

8  52 

9 

51 

4 

56 

6  54 

6 

54 

36 

4 

Total 

22*  119 

10* 

1.31 

1.3 

128 

6  54 

7 

1.34 

9.3 

9* 

*  Indicates  contaminated  controia  or  incompiete  cases  (totai  of  41)  which  were  not 
inciu<ie<i  in  the  evaiuation. 


DISCUSSION 

A  (piestion  might  very  well  l)e  asked  regarding  the  bacteriologic  status 
of  the  root  canal  in  these  eases.  It  was  originally  a.ssumed  that  the  root  canal 
was  infected  in  all  cases  bt‘cause  an  area  of  rarefaction  was  present.  In  most 
of  the  cases,  an  immediate  root  resection  was  done  without  taking  a  culture 
of  the  root  canal.  In  other  ca.ses,  a  two-stage  o])eration  of  root  canal  treatment, 
followed  later  by  root  resection,  was  done.  In  the  latter  group,  control  cultures 
taken  of  the  root  canal  in  49  cases  prior  to  treatment  yielded  9  negative  cultures 
(18.2  per  cent)  and  40  positive  cultures  (81.7  per  cent).  By  far  the  larger 
numlier  of  cases  showed  infection  of  the  root  canal.  The  question  might  there¬ 
fore  be  a.sked  why  an  area  of  rarefaction  was  present  or  pei'sisted  in  those  eases 
where  negative  cultures  had  been  obtained  from  the  root  canals.  It  is  entirely 
likely  that  in  such  cases  where  trauma  had  caused  death  of  the  pulp,  the  break¬ 
down  of  tissue  produced  irritation  of  the  periapical  Ixme  resulting  in  its  eventual 
destniction  in  that  area.  In  other  cases,  a  bacterial  irritant  may  have  been 
initially  present  in  the  root  canal  causing  destruction  of  periapical  lione  from 
irritation  of  the  toxic  products.  An  accumulation  of  toxic  products  in  the 
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root  canal,  however,  may  result  in  destruction  of  the  microorganisms  them¬ 
selves.  The  periapical  exudate  may  then  diffuse  into  the  open  root  canal,  be¬ 
come  stagnant  and  break  down,  forming  products  which  continue  to  irritate 
the  periapical  tissue  and  so  interfere  with  repair  even  though  the  bacterial 
irritant  is  no  longer  present. 

Fish  is  of  the  opinion,  based  upon  histologic  study,  that  jwriapical  Imne 
(like  bone  elsewhere  in  the  body)  is  sterile  because  microorganisms  cannot  sur¬ 
vive  for  any  appreciable  length  of  time  in  the  presence  of  ])olymorphonuclcar 
cells  which  are  called  into  action  as  soon  as  microorganisms  make  their  appear¬ 
ance.  The  question  now  arises,  in  such  cases  where  microorganisms  were  re¬ 
covered  from  the  periapical  tissue:  Were  they  residents  of  this  area  or  were 
they  introduced  into  this  area  during  mechanical  instrumentation  of  the  root 
canal  or  from  trauma  of  burring  the  bone  and  root  tip  during  the  resection 
operation  itself?  It  is  also  possible  that  in  .some  of  the  cases  where  a  chronic 
abscess  was  present,  necrotic  bone  formed  a  protective  area  for  the  micro¬ 
organisms  so  that  they  were  out  of  reach  of  the  polymorphonuclear  cells. 
Clinically,  necrotic  bone,  as  manifested  by  a  roughened,  pumice-like  surface,  is 
seldom  seen  during  a  resection  operation. 

summary 

1.  Of  150  cases  in  which  cultures  were  taken  serially  of  the  i)eriapical  tissue 
during  root  resection,  reliable  data  were  available  in  109  cases. 

2.  Of  the  109  cases,  all  cultures  taken  of  the  periapical  tissue,  as  well  as 
the  controls,  were  negative  in  93  cases  (85.3  per  cent). 

3.  Speculation  is  made  regarding  the  presence  and  the  significance  of 
microorganisms  in  the  periapical  tissue  in  such  cases  where  they  were  recovered. 
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DIFFERENCES  IN  THE  MORPHOLOGY  AND  SIZE  OF  THE  TEETH 
OF  A  CARIES-SUSCEPTIBLE  AND  A  CARIES-RESISTANT 
STRAIN  OF  RATS 

R.  M.  GRAINGER,*  K.  J.  PAYNTER,**  AND  J.  H.  SHAW*** 

Ontario  Dept,  of  Health,  University  of  Toronto,  and  Harvard  School  of  Dental  Medicine, 

Boston,  Mass. 

The  basic  morphologic  pattern  of  teeth  in  human  beings  and  in  animals 
is  apparently  determined  by  a  genetic  mechanism  (Dahlberg,^  and  Hunt, 
Hoppert  and  Rosen®).  Paynter  and  Grainger®  have  recently  established  that 
in  the  rat  the  genetic  potential  for  molar  tooth  morphology  can  be  significantly 
altered  by  varying  an  animal’s  diet  during  development  of  the  teeth;  i.e.,  an 
altered  developmental  environment  can  modify  the  predetermined  genetic 
pattern  of  the  teeth. 

Caries  susceptibility  in  human  molar  teeth  (as  is  the  ease  with  rats)  is 
very  much  greater  for  the  fissured  surfaces  than  for  smooth  surfaces.  Since 
susceptibility  to  pit  and  fissures  caries  seems  to  be  largely  confined  to  a  definite 
proportion  of  the  population  (Reid  and  Grainger^),  it  might  be  presumed  that 
susceptible  and  immune  people  differ  from  one  another  in  terms  of  the  shape 
of  the  fissures  in  their  teeth.  This  difference,  if  present,  could  result  from 
inheritance,  from  differences  in  tooth  environment  during  development,  or 
from  a  combination  of  both. 

Thus,  it  seemed  of  interest  to  explore  the  possibility  that  the  greater 
predisposition  to  dental  caries  in  a  group  of  susceptible  rats  might,  to  a  con¬ 
siderable  extent,  be  associated  with  morphologic  differences  between  their  teeth 
and  those  of  resistant  animals.  Some  indication  that  this  may  Ik*  the  case 
has  been  shown  by  Kifer,  Hunt,  Hoppert,  and  Witkop,®  who  demonstrated 
a  wider  opening  into  the  fissures  in  the  teeth  of  the  Hunt-Hoppert  susceptible 
rats  than  in  the  Hunt-Hoppert  resistant  rats. 

The  present  study  was,  therefore,  set  up  to  try  to  measure  differences 
(presumably  inherited)  in  morphology  and  size  of  the  molar  teeth  in  two  groups 
of  rats,  one  caries-susceptible  and  the  other  caries-resistant,  which  had  been 
'selectively  bred  on  the  basis  of  caries  susceptibility  in  the  laboratories  in  the 
Harvard  School  of  Dental  Medicine. 

This  study  has  been  supported  in  part  by  funds  from' the  Associate  Committee  on  Dentai 
Research  of  the  National  Research  Council  of  Canada,  and  from  the  Canadian  Dental  Associa¬ 
tion. 

The  development  and  maintenance  of  the  caries-resistant  and  caries-susceptible  strains 
of  rats,  of  which  the  subjects  in  this  study  were  representative,  have  been  to  a  lar^e  extent 
supported  at  the  Harvard  School  of  Dental  Medicine  by  contract  Nonr  1866(01)  with  the 
office  of  Naval  Research. 
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METHOD 

Young  rats,  12  to  14  days  old,  which  had  Ibcen  raised  from  either  the  caries- 
resistant  or  caries-susceptible  strain  of  rats  at  the  Harvard  School  of  Dental 
Medicine,  were  decapitated,  and  the  heads  fixed  in  10  per  cent  formalin.  Each 
head  was  identified  as  male  or  female  by  removing  one  ear  from  an  animal  of 
either  sex,  then  identified  numerically  by  a  tag  bearing  its  parents’  Harvard 
laboratory  number,  and  designated  as  Oroup  I  or  Group  II  depending  on  the 
caries  susceptibility  of  the  strain  to  which  the  animal  belonged.  The  heads 
were  then  shipped  to  the  laboratory  of  the  Division  of  Dental  Research,  Uni¬ 
versity  oi  Toronto,  for  i>roeessing.  The  sex  and  caries  susceptibility  were 


\  fissure  / 


a. Lingual  View  sect./  b, Occlusal  View 


c.  Sectioned  Tooth 


Fig.  1. — Outline  drawings  of  the  lingual  and  occlusal  aspects  of  the  upper  right  first 
molar  of  a  rat  and  of  the  cut  surface  of  a  hemisectioned  tooth  showing  the  method  of  meas¬ 
uring  the  tooth  characteristics. 

unknown  in  Toronto  until  the  morphologic  examination  and  statistical  analy¬ 
sis  were  completed.  The  distribution  of  the  animals  by  number  and  sex,  and 
according  to  their  litter  and  group,  is  shown  in  Table  I.  The  total  nuinbei*s 
shown  in  this  table  were  not  used  for  all  analyses  since  a  few  of  the  speci-* 
mens  were  lost  during  processing. 

Littermates  of  some  of  the  animals  listed  in  Table  I  were  maintained  on 
a  cariogenic  diet  at  the  Harv^ard  laboratories  for  a  minimum  of  92  days  to 
verify  their  caries  susceptibility  (see  Table  VII).  Only  those  litters  were 
.sampled  for  caries  susceptibility  which  contained  more  offspring  than  were 
required  for  ideal  sampling  of  the  morphologic  characteristics. 

For  purposes  of  studying  the  teeth,  the  upper  right  and  upper  left  first 
molars  were  dis.sected  from  each  head.  The  upper  right  molars  w'ere  cemented 
to  a  stiff  wire  so  that  photographs  could  be  made  of  the  occlusal  and  lingual 
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surfaces  of  each  tooth  after  the  manner  previously  described  (Paynter  and 
(irainger^).  Standard  enlargements  were  made  from  the  negatives  on  a  non¬ 
shrink  photographic  paper.*  The  magnification  factor  was  30  times  the  original 
tooth  diameter.  Measurements  made  from  these  pictures  included  the  great¬ 
est  mesiodistal  diameter  of  the  crown,  the  mesiodistal  diameter  at  the  cervix,  the 
huccolingual  diameter,  and  the  visible  depth  and  angle  of  the  sides  of  the  mesio- 
oeclusal  fissure  as  seen  from  the  lingual  aspect  of  the  whole  crown  (Fig.  1,  a 
and  6). 

The  left  maxillary  first  molar  was  also  cemented  to  a  stiff  wire,  this  time  so 
that  the  lingual  surface  was  positioned  at  right  angles  to  the  long  axis  of  the 
wire.  Then,  using  a  diamond  abrasive  disc,  the  lingual  surface  was  ground 
on  a  plane  approximately  ])arallel  to  that  bisecting  the  crown  l)oth  mesio- 
distally  and  cervico-occlusally.  (Jrinding  was  continued  until  approximately 
half  the  tooth  was  removed,  leaving  the  buccal  half-crown  still  cemented  to  the 
wire  holder.  The  cut  surface  of  the  tooth  was  then  photographed,  and  the 
negative  enlarged,  under  the  same  conditions  as  those  described  above  (Fig.  2). 


Fiff.  2. — A  photograph  of  the  cut  surface  of  a  rat  upper  left  first  molar  which  has  been 
ground  approximately  halfway  through  the  crown. 

These  photographs  were  u.sed  to  measure  l)oth  the  depth  of  the  mesio-oeclusal 
fissure  (measured  from  a  line  from  the  center  of  the  occlusal  ])ortion  of  the 
mesial  cusp  and  at  a  right  angle  to  the  distal  side  of  the  fis.sure,  to  the  base 
of  the  fissure  [see  Fig.  1,  c]),  and  also  the  angle  of  the  sides  in  the  lower  third 
of  the  same  fissure. 

The  plane  to  which  the  crowns  were  cut  could  not  be  perfectly  standardized, 
but  any  variation  in  line  of  cut  was  assumed  to  be  random  for  purpases  of  anal- 
y.sis,  since  the  identity  of  the  specimens  was  unknown  to  the  a.s.sistant  Avho 
prepared,  mounted,  and  photographed  the  specimens,  and- who  made  the  meas¬ 
urements  used  for  analysis. 


•Kodak  Resisto- Rapid  enlarging  paper. 
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Table  I 

Distribution  op  Two  Groups  op  12  Litters  op  Rats  According  to  the  Nu.mber  and  Sex  op 

THE  Animals  in  Each  Litter 


GROUP  I 

(  CARIES-RESISTANT  ) 

GROUP  11 

(  CARIES-SUSCEPTIBLE  ) 

LITTER 

NO.  OP  ANIMALS  | 

I.ITTER 

NO.  OP  ANIMALS 

NO. 

SEX  A 

1  SEX  B  I 

TOTAL 

NO. 

SEX  A 

1  SEX  B  1 

TOTAL 

4 

3 

5 

8 

1 

3 

3 

6 

6 

3 

4 

7 

2 

3 

4 

7 

7 

4 

4 

8 

3 

3 

4 

7 

8 

3 

4 

7 

5 

3 

2 

5 

9 

5 

2 

7 

14 

3 

3 

6  * 

10 

3 

4 

7 

15 

3 

5 

8 

11 

1 

4 

5 

16 

3 

4 

7 

12 

5 

3 

8 

18 

2 

4 

6 

13 

4 

3 

7 

21 

3 

1 

4 

17 

3 

5 

8 

22 

2 

1 

3 

19 

2 

5 

7 

23 

1 

3 

4 

20 

4 

4 

8 

24 

5 

2 

7 

Total 

40 

47 

87 

Total 

34 

36 

70 

FINDINGS 

The  litter  means  for  each  measurement  have  been  arrayed  in  Table  II  ae- 
cordin"  to  groups.  The  results  of  the  statistical  analyses  of  the  measurements 
are  .shown  in  Tables  III  to  VIII. 


Table  II 

Litter  Means  op  Measurements  Deriveu  From  Photographs*  op  the  Upper  First  Molar 
Tooth  op  a  Caries-Resistant  and  a  Caries-Susceptible  Group  op  Rats 


LITTER 

NO. 

NO. 

ANI¬ 

MALS 

MESIO- 

DISTAL 

DIAMETER 

OP  CROWN 

MESIO- 
DISTAL 
DIAMETER 
OP  CROWN 
AT  CERVIX 

BUCCO- 

LINGUAL 

DIAMETER 

OF  CROWN 

DEPTH 

OP 

FISSURE, 

LINGUAL 

VIEW 

ANGLE 

OP 

FISSURE, 

LINGUAL 

VIEW 

DEPTH 

OP 

SECTIONED 

FISSURE 

ANGLE 

OP 

SECTIONED 

FISSURE 

4 

8 

106.31 

Group  I.  Caries- Resistant 
96.19  58.62  17.50 

50.31 

21.14 

12.69 

6 

7 

99.42 

91.68 

53.86 

24.25 

38.08 

22.50 

11.21 

7 

8 

96.00 

87.94 

54.87 

19.94 

43.75 

22.21 

10.00 

8 

7 

99.83 

92.83 

55.71 

18.00 

53.25 

21.50 

11.75 

9 

7 

101.86 

93.86 

57.86 

22.07 

42.07 

26.71 

14.29 

10 

7 

104.00 

96.79 

57.93 

20.21 

51.14 

24.71 

9.00 

11 

5 

98.80 

92.50 

55.40  . 

20.00 

51.30 

23.70 

11.50 

12 

8 

99.44 

91.63 

56.25 

17.81 

46.50 

23.42 

8.33 

13 

7 

101.64 

92.14 

56.79 

23.57 

40.79 

«... 

_ 

17 

8 

105.69 

95.25 

56.50 

20.56 

42.81 

25.12 

9.94 

19 

7 

101.64 

92.79 

54.79 

21.43 

41.86 

22.57 

14.86 

20 

8 

100.94 

92.38 

55.44 

19.00 

52.81 

21.94 

11.19 

1 

6 

99.50 

Group  II.  Caries-Susceptihle 

87.50  57.38  12.38  48.50 

18.00 

2 

7 

94.83 

84.75 

55.00 

16.58 

41.00 

20.63  > 

7.13 

3 

'  7 

98.50 

87.14 

53.21 

14.14 

50.86 

19.50 

4.80 

5 

5 

97.90 

89.50 

55.70 

12.70 

48.40 

19.20 

8.90 

14 

6 

101.17 

92.17 

55.92 

13.67 

46.67 

20.00 

8.17 

15 

8 

97.31 

88.81 

55.69 

13.94 

45.38 

21.00 

4.00 

16 

7 

101.07 

88.43 

55.86 

16.71 

45.21 

20.57 

3.50 

18 

6 

102.83 

91.33 

57.08 

14.75 

48.50 

22.75 

3.33 

21 

4 

97.25 

89.00 

54.88 

14.63 

47.75 

19.63 

7.25 

22 

3 

90.17 

83.33 

50.66 

13.33 

52.00 

20.13 

3.75 

23 

4 

96.13 

86.63 

56.50 

15.00 

40.63 

21.83 

2.67 

24 

7 

100.71 

91.43 

56.56 

14.71 

48.14 

20.43 

5.79 

•Magniflcation  factor — X30. 
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To  test  for  differences  in  tooth  measurements  between  the  sexes,  an  analysis 
of  variance  was  carried  out  for  each  value.  No  differences  in  these  measure¬ 
ments  of  statistical  significance  were  found  between  sexes  and,  hence,  for  the 
examination  of  differences  l)etween  groups,  the  sex  identity  of  the  animals  was 
ignored. 

In  Table  III  are  presented  the  results  of  the  analysis  of  variance  which  was 
carried  out  for  each  measurement,  in  order  to  test  the  homogeneity  of  the  littere 
within  the  two  groups.  In  the  caries-resistant  group,  significant  differences 
were  found  between  litters  for  all  measurements  except  the  angle  of  the  sec¬ 
tioned  fis.sure  (differences  in  buccolingual  diameter  were  of  Imrderline  signifi¬ 
cance).  On  the  other  hand,  within  the  susceptible  group,  significant  differences 
were  found  for  only  4  of  the  7  measurements  (as  opposed  to  6  out  of  7  for  the 
resistant  group).  There  was  no  significant  difference  1x4 ween  susce])tible  litters 
in  the  measurements  of  the  angle  of  the  fissure  sides,  whether  measured  from  the 
lingual  view  or  from  the  section,  or  of  the  depth  of  the  s«‘ctioned  fissure. 


Table  III 

.\NALYSIS  OF  V’ARIANCE  FOR  SEVEN  MEASUREMENTS  FROM  THE  UPPER  FIRST  MOIJVRS  OF  A 

Caries-Sitsceptible  and  a  Caries-Resistant  Group  of  Rats 


GROUP 

HETEROGENEITY 

OF  GROUP 
MEAN  SQUARES 
AT  2  PER  CENT 
LEVEL 

RESISTA.VT  1 

SUSCEPTIBLE 

UPPER  FIRST  MOI,AR 

MEASUREMENT 

SOURCE  OF 

VARIATION 

D.F. 

MEAN  1 
SQUARE  ' 

D.F. 

.MEAN- 

SQUARE 

Mcsiodistal  diameter  of 

Within  litters 

74 

12.56 

56 

11.27 

N.S. 

crown 

Between  litters 

11 

66.14 

F  5.27** 

11 

51.86 

F  4.60** 

N.S. 

Mcsiodistal  diameter  of 

Within  litters 

74 

13.94 

56 

10.07 

N.S. 

crown  at  cervix 

Between  litters 

11 

42.53 

F  3.05** 

11 

35.43 

F  3.52** 

N.S. 

Buccoling.  Diameter  of 

Within  litters 

75 

7.97 

56 

3.34 

Sign. 

crown 

Between  litters 

11 

15.11 

F  1.90t 

11 

14.05 

F  4.21** 

N.S. 

D«*pth  of  fissure. 

Within  litters 

74 

10.16 

56 

4.45 

Sign. 

lingual  view 

Between  litters 

11 

32.63 

F  3.21** 

11 

9.82 

F  2.21* 

N.S. 

.\ngle  of  fissure. 

Within  litters 

73 

50.73 

55 

71.30 

N.S. 

lingual  view 

Between  litters 

11 

188.70 

F  3.72** 

11 

58.41 

F  0.82 

N.S. 

Depth  of  sectioned 

Within  litters 

65 

6.61 

48 

5.93 

N.S. 

fissure 

Betwe«‘n  litters 

10 

20.14 

F  3.05** 

11 

6.15 

F  1.04 

N.S. 

Angle  of  sectioned 

Within  litters 

61 

29.80 

49 

19.65 

N.S. 

fissure 

Between  litters 

10 

28.35 

F  0.95 

11 

23.95 

F  1.22 

N.S. 

•  and  •• — Litter  differences  In  same  Rroup  significant  at  5  per  cent  level  and  I  per  cent 
level,  respectively. 

tBorderllne  slRnlflcance. 


For  all  measurements,  except  the  angle  of  the  fissure  from  the  lingual 
view,  the  variation  between  and  within  litters  was  less  for  the  susceptible  group 
than  it  was  for  the  resistant  group.  This  difference  in  variation  between  the 
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frioups  was  significant  statistically  in  the  case  of  the  buccolingual  diameter 
and  the  depth  of  the  fissure  from  the  lingual  view  (Table  III). 

The  results  of  the  analysis  for  differences  in  tooth  measurements  between 
the  two  groups  is  presented  in  Table  IV  and  illustrated  in  Fig.  3.  It  may  be 
observed  that,  on  the  average,  the  teeth  of  the  susceptible  rats  were  smaller 
than  those  of  the  resistant  animals  in  mesiodistal  crown  diameter  and  mesio- 
distal  cervical  diameter.  The  cervical  measurement  difference  was  the  more 
significant  statistically.  The  average  dift'erenee  in  buccolingual  diameters,  while 
following  the  same  trend  (the  susceptible  measurement  was  smaller)  was  not 


Table  IV 

Analysis  ok  Dikkekences  in  Upper  First  Molar  Meascrements  Between  a 
Caries-Si'Sceptible  and  a  Caries-Resistant  Group  ok  Rats 


I’PPER  KIRST 

MOLAR 

MEASl'RMENT 

COMPITATION 

GROUP 

RESISTANT  ]  SUSCEPTIBLE 

“t”  TEST 
BETWEEN 

GROUPS 

5  PER  CENT 
CON  Kl  PENCE 

LIMITS  ON 

PIKKERENCE 

Mesiodistal 

Group  average 

101.42 

98.58 

diameter 

No.  of  litters 

12 

12 

t  =r  2.28* 

of  crown 

Variance  of 

-^0.14  to 

+5.58 

litters  as  units! 

9.54 

9.02 

d.f.  11 

S.E.  of  average 

0.89 

0.87 

Mesiodistal 

Group  average 

95.00 

88.80 

diameter 

No.  of  litters 

12 

12 

t  =  4.16** 

of  crown 

Variance  of 

-kI.98  to 

+6.42 

at  cervix 

litters  as  units 

6.15 

6.16 

d.f.  11 

S.E.  of  average 

'0.71 

0.72 

Buccoling. 

Group  average 

56.20 

55.50 

diameter 

No.  of  litters 

12 

12 

t  =  1.10 

of  crown 

Variance  of 

-0.70  to 

+2.10 

litters  as  units 

2.12 

2.71 

d.f.  11 

S.E.  of  average 

0.42 

0.48 

Depth  of 

Group  average 

20.17 

14.51 

fissure. 

No.  of  litters 

12 

12 

t  =  8.07** 

lingual  view 

Variance  of 

+4.12  to 

+7.20 

litters  as  units 

4.70 

1.71 

d.f.  11 

S.E.  of  average 

0.65 

0.58 

Angle  of 

Group  average 

46.18 

46.79 

fissure. 

No.  of  litters 

12 

12 

t  =  0.55 

lingual  view 

Variance  of 

-4.72  to 

+3.50 

litters  as  units 

27.21 

10.16 

d.f.  11 

S.E.  of  average 

1.65 

0.92 

Depth  of 

Group  average 

25.25 

20.50 

sectioned 

No.  of  litters 

11 

12 

t  4.49** 

fi.ssure 

Variance  of 

+  1.59  to 

+4.11 

litters  as  units 

2.61 

1.65 

d.f.  10 

S.E.  of  average 

0.49 

0.37 

Angle  of 

Group  average 

11.55 

5.25 

sectioned 

No.  of  litters 

11 

12 

t  =:  6.24** 

fissure 

Variance  of 

+3.83  to 

+8.27 

litters  as  units 

4.58 

6.44 

d.f.  10 

S.E.  of  average 

0.65 

0.73 

•  and  •• — Difference  between  group  means  significant  at  5  per  cent  and  1  per  cent  level, 
respectively. 


tVariance  of  litters  as  units  is  based  on  weighted  sum  of  squares  because  of  differences 
in  litter  size. 
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statistically  significant.  The  average  depth  of  the  inesio-occlusal  fissure  was 
less  in  the  teeth  of  the  susceptible  rats,  and  this  difference  was  significant 
whether  measured  from  the  lingual  view  of  the  whole  crown,  or  from  the  sec¬ 
tioned  tooth.  There  was  no  significant  difference  between  the  two  groups  in  the 
average  angle  of  the  sides  of  the  mesio-occlusal  fi.ssure  when  measured  from 
the  exterior  lingual  view,  but  the  angle  of  the  sides  of  the  fis.sure  in  the  sectioned 
tt*eth  was,  on  the  average,  smaller  in  the  susceptible  rats;  i.e.,  the  sides  of  the 
fissure  in  its  basal  third  were  more  nearly  parallel  (Fig.  3). 

Summarizing,  the  teeth  from  the  caries-susceptible  rats,  on  the  average, 
appeared  to  be  smaller  in  mesiodistal  diameter  (particularly  at  the  cervix),  had 
shallower  mesio-occlusal  fissui*cs,  and  the  sides  of  these  fis.sures  were  more  nearly 
])arallel  at  the  base  (Table  IV). 


Kig.  3. — A  <lrawins  of  the  cut  surface  of  heniisectioned  teeth  from  a  caries-resistant  an<i 
a  caries-susceptible  strain  of  rats,  superimposed  on  squared  paper  to  show  the  typical  dif¬ 
ferences  in  size  and  shape  of  the  teeth  between  the  two  groups. 

Since  the  mesiodistal  diameter,  the  fissure  depth,  and  the  angle  of  the 
sides  of  the  fissure  in  the  sectioned  teeth  differed  significantly  between  the 
groups,  it  was  important  to  know  if  these  factors  were  correlated  or  whether 
they  were  independently  related  to  caries  susceptibility.  Because  the  mesio¬ 
distal  diameter  of  the  crown  was  shown  graphically  to  be  closely  related  to  the 
mesiodistal  diameter  at  the  cervix,  and  since  the  cervical  dimension  difference 
between  groups  was  more  highly  significant  (Table  IV),  the  latter  dimension 
was  considered  to  be  more  fundamental  and  was  u.sfKl  in  computing  the  correla¬ 
tions.  The  first  degree  correlations  and  the  partial  correlations  are  presented 
in  Table  V.  The  only  correlations  that  approached  significant  magnitude  in 
both  groups  of  animals  were  those  between  the  mesiodistal  diameter  of  the  crown 
at  the  cervix,  and  the  depth  of  the  sectioned  fissure  (Table  V,  rjs  and  r^.a). 
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Since  the  correlations  between  the  angle  and  the  depth  of  the  fissure  appeared 
generally  low,  these  factors  were  believed  to  be  separately  associated  with  caries 
susceptibility  in  the  animals. 

Table  V 

Linear  Correlations  Between  Measurements  of  the  Upper  First  Molar  Teeth  of  Rats 
From  a  Caries-Susceptible  and  a  Caries-Resistant  Strain 


FACTORS 

COMPARED 

(SOURCE) 

GROUP 

RESISTANT 

SUSCEPTIBLE 

WITHIN  LITTERS 
D.F.  60 

(.25  =  57»-  SIG.) 

BETWEEN  LITTERS 
D.F.  9 

(.60  =  5%  SIG.) 

WITHIN  LITTERS 
D.F.  46 

(.29  =  57^  .SIG.) 

BETWEEN  LITTERS 
D.F.  10 

(.58  =  5%  SIG.) 

r.j 

-.08 

-.04 

-.06 

+.38 

Tia 

-H.24t 

-h.32 

+.36* 

+.22 

-h.02 

-.01 

-.02 

-.45 

P» 

■t^.26* 

-.20 

+.13 

-.26 

r,. 

-.06 

-f.36 

+.12 

-.34 

Pu.* 

-.09 

-.04 

-.06 

+.55 

Pis.! 

-i.24t 

•f.32 

+.39* 

+.47 

Paa.i 

-1^.04 

<-*-.01 

<+.01 

-.37 

r  =  the  product  moment  coefficient  of  correlation  between  factors  indicated  as  below: 

1.  Mesiodistal  diameter  of  the  crown  at  cervix. 

2.  Angle  of  sectioned  fissure. 

3.  Depth  of  sectioned  fissure. 

4.  Depth  of  fissure,  lingual  view. 

•Significant  at  5  per  cent  level. 

tOf  borderline  significance. 

Next,  in  order  to  test  whether  the  depth  of  the  fissure  was  a  simple  deriva 
tion  of  tooth  diameter  with  which  it  appeared  correlated,  the  mutually  adjusted 
differences  in  mesiodistal  diameter  at  the  cervix  and  in  fissure  depth  between 
the  two  groups  of  rats  were  tested  by  an  analysis  of  covariance.  The  results 
are  given  in  Table  VI.  When  the  fissure  depths  were  adjusted  in  terms  of 
regres.sion  on  tooth  size,  the  differences  in  fissure  depth  between  the  two  groups 
remained  significant,  although  significance  was  redueed  from  the  1  per  cent  to 
the  5  per  cent  level  of  confidence.  On  the  other  hand,  when  the  cervical  crown 
diameters  were  adjusted  in  terms  of  regression  on  fissure  depth,  the  difference 

Table  VI 

A.valysis  of  Variance  and  Analysis  of  Covariance  of  Average  Mesiodistal  Diameters 

AT  THE  Cervix,  and  the  Average  Fissure  Depth  (in  Section)  of  the  Upper  First 
Molar  Teeth  Between  the  Caries-Susceptible  and  the  Caries-Resistant 
Strain  of  Rats 


ANALYSIS  OF 

VARIANCE 

ANALYSIS  OF 
COVARIANCE 

TEST  OF  MEANS  IN 

Table  IV 

TEST  OF  MEANS  ADJUSTED 
BY  LINEAR  REGRESSION 

CHARACTERISTIC 

SOURCE 

1  D.F. 

MEAN  SQUARE 

D.F. 

MEAN  SQUARE  FOR 
ERRORS  OF 

ESTIMATE 

Depth  of  sectioned  fissure 


Groups 

Litters 


1 

21 


200.0 
12.0 
F  =  21.7* 


Mesiodistal  diameter  of 
crown  at  cervix 


Groups  1 

Litters  21 


and 


622.8  1  1 

34.6  I  20 

_ F  =  18.0*» _ 

■Significant  at  5  per  cent  and  1  per  cent  level,  respectively. 


1 

20 


72.6 
11.5 
F  =  6.3* 

134.7 

33.2 

F  z=  4,1  nonsig. 
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between  the  groups  was  reduced  to  nonsignificance.  On  the  basis  of  those  re¬ 
sults,  it  was  tentatively  concluded  that  while  the  depth  of  the  fissure  as  meas¬ 
ured  in  this  study  could  he  a  function  of  tooth  size,  the  fissure  depth  was  the 
factor  most  strongly  associated  with  the  caries  susceptibility  of  the  tooth — the 
mesiodistal  diameter  of  the  crown  at  the  cervix  being  perhaps  only  secondarily 
associated  with  caries  susceptibility.  , 

Having  reduced  the  independent  anatomic  factors  which  appeared  to  be 
strongly  associated  with  susceptibility  or  resistance  to  dental  caries,  to  a  meas¬ 
ure  of  the  depth  and  the  angulation  of  the  sides  in  the  lower  one  third  of  the 
mesio-ocelu.sal  fissure  (both  measurements  from  the  sectioned  tooth),  an  attempt 
was  made  to  clarify  the  relative  importance  of  these  two  factors  and  to  deter¬ 
mine  the  nature  of  their  relation  to  caries.  The  data  available  for  this  purpase 
was  limited  since  this  aspect  of  the  investigation  had  not  been  anticipated  at 
the  time  the  study  was  designed.  Caries  scores  for  the  purpose  outlined  were 
derived  from  observations  on  the  teeth  of  littermates  which  had  been  kept  on 
a  caries-inducing  diet  for  a  period  of  either  160  or  92  days,  depending  on 
whether  the  animals  belonged  to  the  caries-resistant  or  susceptible  group.  The 
caries  data  are  presented  in  Table  VII,  along  wdth  the  mean  fis.sure  depths  and 
angle  as  measured  from  the  sectioned  molars. 

Table  VII 

Mean  Depth  and  Mean  Angle  of  Sectioned  Fissures  of  the  Upper  First  Moijui  Teeth 
OF  Rats  Compared  to  Caries  Scores  of  Littermates  Kept  on  a  Caries-Inducing 
Diet  for  160  and  92  Days,  Respectively,  for  Resistant  and 
Susceptible  Strains 


litter 

NO. 

NO.  OF 
ANIMALS 

MEAS¬ 

URED 

MEAN 

DEPTH  OF 

SECTIONED 

FISSURE 

MEAN  1 

ANGLE  OF 

SECTIONED 

FISSURE 

NO.  OF 

LITTERMATE 

ANIMALS 

FROM  WHICH 
CARIES  WAS 

RATED 

NO.  OF 

CARIOUS 

MOLARS 

NO.  OF  j 
CARIOUS 

LESIONS 

EXTENT  OF 
CARIOUS 
LESIONS 

Resistant  Group 

4  8 

21.4 

12.7 

2 

5.5 

5.5 

8.5 

6 

6 

22.1 

13.1 

3 

1.6 

1.6 

3.3 

7 

7 

22.2 

10.0 

2 

0 

0 

0 

8 

2 

22.2 

11.8 

1 

0 

0 

0 

9 

7 

26.7 

14.3 

1 

0 

0 

0 

10 

7 

24.7 

9.0 

1 

0 

0 

0 

12 

6 

23.4 

8.3 

2 

1.0 

1.0 

1.0 

17 

8 

25.1 

9.9 

2 

1.0 

1.0 

1.0 

19 

7 

22.6 

14.9 

2 

0 

0 

0 

20 

8 

21.9 

11.2 

4 

2.2 

2.2 

2.5 

Group  Averages 

23.3 

11.5 

1.4 

1.4 

2.0 

Susceptible  Group 

1  1 

18.0 

0 

2 

7.0 

11.5 

28.5 

2 

4 

20.6 

7.1 

2 

5.5 

9.5 

16.0 

3 

5 

19.5 

4.8 

2 

7.0 

11.2 

28.0 

15 

8 

21.0 

4.0 

2 

8.0 

16.0 

55.0 

16 

7 

20.6 

3.5 

1 

10.0 

14.0 

34.0 

Group  Averages 

20.4 

4.4 

7.2 

12.3 

32.1 

Although  the  caries  data  were  recognized  to  have  ,  strict  limitations,  the 
regressions  of  caries  scores  on  fissure  depth  and  on  fissure  angle  were  calcu¬ 
lated,  and  are  shown  graphically  in  Fig.  4.  Because  of  the  very  wide  differences 
between  the  means  of  the  susceptible  and  resistant  groups  about  which  the 
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litter  scores  are  assembled,  however,  there  may  be  a  graphic  illusion  as  to  the 
strength  of  the  relationship  between  dental  caries  on  the  angle  and  depth  of 
the  fissure.  In  Fig.  4,  the  dotted  lines  indicate  the  least  squares  fitted  regressions 
of  the  caries  scores  on  the  other  factor  specified,  for  each  of  the  two  groups 
of  animals.  The  slopes  of  these  lines  are  in  no  sense  the  same  for  the  two 
groups,  and  hence  the  group  means  cannot  he  thought  to  lie  along  a  linear  re¬ 
gression  line  common  to  both  groups. 


16 
cU 

1 12  b 

■•lor 

I  ^ 

m  6 
u 

^  4 
o 

6  2 
==  0 


(o-susccptiblt  group  scores) 
(•-resistant  group  scores) 

>  o  / 

/ 

r 


V. 


o 

9-' 


9-Or 

©• 


2  4  6  8  10 
Fissure  Angle 


12  14  liS^^'ie  18 


20  22  24  26  28  30  32 
Fissure  Depth 


Fig.  4. — A  graph  to  .show  the  nature 'of  regresaiona  on  carlea  acorea  (number  of  carioua 
teeth,  number  of  carioua  leaiona  and  extent  of  carioua  leaiona)  on  the  depth  and  angle  of 
the  meaio-occluaal  flaaure  of  a  cariea-resiatant  and  a  carlea-auaceptlble  group  of  rata. 

DISCUSSION 

It  is  difficult  to  discuss  the  results  of  this  study,  relating  to  tooth  morphology 
and  dental  caries,  without  inferring  causation.  It  is  not  intended,  however, 
that  this  concept  should  arise  from  the  discussion.  A  morphologic  characteristic 
cannot  “cause”  a  disease  process.  For  example,  a  fissure  on  the  surface  of 
a  t(K)th  cannot  cause  decay  in  that  tooth,  although  the  presence  of  the  fis.sure. 
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at  least  in  human  beings,  is  a  very  great  predispasing  factor  to  the  decay.  This 
thought  should  be  borne  in  mind  when  reading  the  following  discussion  which 
relates  primarily  to  correlations  between  certain  anatomic  characteristics  of 
rat  molars,  and  caries  resistance  or  susceptibility  in  the  animals. 

Neither  the  caries-resistant  nor  the  caries-susceptible  groups  of  rats  under 
study  were  pure  strains  with  respect  to  caries  susceptibility  or  to  morphologic 
characteritics  of  their  teeth.  Real  differences  in  caries  susceptibility  were  ob¬ 
served  within  both  groups  under  comparison.  The  data  for  the  two  current 
groups,  along  with  data  from  many  other  laboratory  evaluations  of  caries- 
proneness  in  these  genetically-derived  strains,  suggests  that  their  proneness 
to  caries  has  not  been  developed  to  the  absolute  degree  to  be  desired.  The 
caries  tendency  is  modified  by  the  relative  strength  of  various  characteristics 
which  are  probably  transmitted  through  the  genes.  Likewise,  in  the  comparison 
of  the  morphologic  characteristics,  within  the  litters  in  each  group  there  was  a 
rather  wide  variation  in  the  measurements  between  animals  (for  example,  the 
angle  of  the  fis.sure.  Table  III).  Except  for  the  angle  of  the  fissure  from  the 
lingual  view,  the  observed  variation  within  litters  of  the  susceptible  group  was 
less  than  in  the  resistant  group.  This  observation  suggests  that  the  process 
of  .selective  breeding  for  caries  had  produced  a  purer  caries-susceptible  strain 
in  terms  of  tooth  morphology.  The  greater  uniformity  of  the  caries-susceptible 
strain  is  also  noted  in  connection  with  the  incidence  and  e.xtent  of  carious 
lesions,  where  the  variability  evidenced  in  this  and  other  studies  is  always 
less  for  the  susceptible  than  for  the  resistant  strain. 

The  report  of  Kifer,  Hunt,  Hoppert,  and  Witkop,®  that  the  fis.sures  in  the 
lower  molar  teeth  of  caries-susceptible  rats  of  the  Hunt-Hoppert  strain  were 
wider  than  those  in  the  teeth  of  resistant  rats  of  the  same  strain,  appears  to 
be  at  variance  with  the  results  shown  in  the  present  study.  The.se  workers  made 
no  measurement  of  upper  teeth  of  their  animals.  Their  plane  of  tooth  section 
was  buccal  to  the  midline  (see  Fig.  I,  Kifer  and  co- workers®)  and  fis.sure  width 
was  defined  as  the  distance  from  the  posterior  lip  of  a  fis.sure  along  a  per- 
pendieular  to  the  line  repre.senting  the  anterior  fis.sure  wall.  In  the  present 
report,  no  comparable  measurement  was  made,  and  measurements  were  made 
only  on  upper  first  molar  teeth. 

Since  the  present  data  indicate  that,  on  the  average,  the  angle  of  the  sides 
of  the  mesio-occlusal  fissure  in  the  sectioned  teeth  from  the  susceptible  rats 
was  narrower  than  the  angle  in  teeth  from  the  resistant  animals  (Table  IV), 
it  might  be  as.sumed  that  this  indicates  a  narrower  fi8.sure  throughout  its  total 
depth.  This  assumption  is  not  neces.s}irily  correct,  since  the  measurement  de¬ 
fined  in  this  study  as  the  angle  of  the  sectioned  fissure  was  made  only  in  the 
basal  third  of  the  fissure.  This  was  the  angular  measurement  which  differed 
significantly  between  groups  (Table  IV).  The  angular  measure  of  the  same  fis¬ 
sure  taken  from  the  lateral  view  of  the  whole  tooth,  which  is  probably  an  index 
of  the  upper  third  of  the  fis.sure,  did  not  differ  between  groups.  In  fact,  the 
group  average  for  the  su.sceptible  animals  was  even  slightly  larger  than  that 
for  those  resistant.  These  results  indicate  the  ])ossibility  that  the  outline  of 
the  whole  fis.sure  at  the  midline  of  the  tooth  may  also  differ  between  groups; 
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the  fissure  shape  in  the  susceptible  animals  heiii};  more  like  a  funnel,  with  a 
narrow  base  and  wide-open  mouth,  and  that  in  the  resistant  rats  more  smoothly 
V-shaped.  Thus,  a  measurement  in  this  study  similar  to  the  one  made  by 
Kifer  and  associates*  could  have  agreed  with  their  findings. 

Correlations  between  the  measurements  of  the  depth  of  the  fissure  and 
the  angle  of  its  sides  were  generally  low  (Table  V)  and,  thus,  each  of  these  in¬ 
dividual  eharaeteristics  of  the  same  fissure  were  thought  to  act  as  a  separate 
factor  in  connection  with  caries  susceptibility. 

The  present  analysis  is  not  believed  to  be  sufficient  grounds  for  entirely 
ruling  out  the  possibility  that  the  mesiodistal  size  of  the  crown  rather  than 
the  depth  of  the  fissure  is  the  more  important  in  relation  to  caries  susceptibility 
(Table  VI).  Because  of  the  fact  that  tooth  size  can  be  rather  easily  modified 
by  dietary  intake  during  the  developmental  period  of  the  tooth  (Paynter  and 
tJrainger^),  the  size  of  the  tooth  may  possibly  be  a  measure  of  its  “quality.” 
There  is  a  real  need  for  further  qualitative  analyses  of  tooth  structure  in  this 
sort  of  investigation,  especially  where  the  studies  are  carried  to  the  logical  con¬ 
clusion  of  a  determination  of  the  influence  of  altered  tooth  size  on  caries  sus¬ 
ceptibility.  We  recognize  that  some  reservation  of  this  idea  is  forced  because 
of  the  lack  of  significance  in  the  difference  in  buccolingual  diameter  between  the 
two  groups  in  this  study.  If  the  crown  diameter  does  reflect  tooth  “(piality,” 
why  should  one  dimension  of  the  crown  reflect  this  property  and  not  the  other? 
However,  the  point  is  open  to  clarification  in  future  investigations,  and  lack 
of  significance  in  buceolingual  diameter  in  the  pre.sent  in.stance  may  prove  to 
be  simply  a  sampling  vagary. 

The  data  on  caries  scores  which  have  been  used  in  this  study  are  more 
limited  in  value  than  they  might  have  been  had  this  aspect  of  the  investigation 
been  anticipated  when  the  study  was  originally  planned.  The  resistant  litter- 
mates,  from  which  caries  data  were  obtained,  were  retained  on  the  earies- 
inducing  diet  for  a  longer  period  than  were  the  susceptible  animals.  There¬ 
fore,  the  former  ratings  were  indeterminably  higher  than  they  should  be  for 
direct  comparison  between  the  two  groups.  Normally,  however,  different  caries 
evaluation  times  are  unavoidable  in  two  strains  with  such  marked  differences 
in  proneness  to  caries.  If  the  resistant  rats  had  been  sacrificed  with  the  suscep¬ 
tible  rats  at  92  days,  on  the  basis  of  past  experience  it  is  known  that  none  of 
the  resistant  rats  would  have  had  clinically  discernible  carious  lesions.  Hence, 
no  measure  of  the  variations  in  susceptibility  within  the  resistant  strain  would 
be  available.  On  the  other  hand,  if  the  susceptible  rats  had  been  sacrificed  at 
160  days  with  the  resistant  rats,  the  caries  incidence  in  all  the  susceptible  rats 
would  have  approached  and,  in  many  of  the  subjects,  reached  a  maximum  several 
weeks  prior  to  sacrifice.  In  this  case  again,  there  would  have  been  no  expression 
of  the  relative  susceptibility  of  the  litters  within  the  susceptible  population. 
Even  more  important  than  the  different  times  of  sacrifice  of  the  two  populations, 
the  average  caries  ratings  obtained  from  the  few  available  littermates  are  no 
doubt  only  a  rough  assessment  of  the  true  caries  susceptibility  of  the  animals 
from  which  measurements  of  tooth  morphology  were  obtained  (dependent  on 
the  strength  of  the  correlation  in  caries  scores  within  litters). 
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However,  with  the  available  data,  when  the  re}?ressions  of  caries  scores  on 
l)oth  fissure  depth  and  fissure  angle  were  computed  (see  Fig.  4),  the  slopes 
for  the  lines  for  the  two  animat  groups  were  not  the  same  and,  thus,  it  was 
concluded  that  the  group  means  could  not  lie  along  a  linear  regression  line 
common  to  both  the  susceptible  and  resistant  groups.  Out  of  this  observation 
two  opposing  possibilities  suggested  themselves:  first,  that  the  depth  of  the 
fi.ssure  and  the  angle  of  its  sides  were  not  factors  primarily  asociated  with  the 
observed  difference  in  caries  susceptibility  between  the  two  groups  of  rats,  but 
that  these  anatomic  features  were  correlated  to  the  unknown  vital  factor  and 
at  the  same  time  had  a  modifying  influence  on  caries  scores,  and  the  extent  or 
nature  of  the  influence  differed  for  each  group.  The  second  alternative  was 
that  the  regres.sion  of  caries  scores  on  these  two  factors  was  not  linear,  and  that 
the  linear  regressions  for  the  separate  groups,  illustrated  in  Fig.  4,  really  repre¬ 
sented  slopes  at  different  points  on  an  unknown  curve. 

No  decision  regarding  these  alternatives  could  be  derived  from  the  scanty 
data  available,  but  there  was  some  further  exploration  of  the  two  lines  of 
thought.  The  relationship  of  the  caries  scores  to  the  depth  and  to  the  angle  of 
the  fissure  (.standardized  with  respect  to  each  other)  within  the  separate  groups 
was  expressed  in  terms  of  the  standard  partial  correlation  coefficients*  as  shown 
in  Table  VIII.  The  verj*  high  values  for  the  susceptible  group  are  relatively 
unimportant  since  they  are  as.sociated  with  only  two  degrees  of  freedom.  It  was 
helpful,  however,  to  confirm  that  the  relative  magnitude  and  sign  (+  or  -)  of 
the  standardized  regressions  were  similar  to  those  of  the  unstandardized  regres¬ 
sions  illustrated  in  Fig.  4. 

Under  the  first  of  the  two  suggested  hypotheses,  i.e.,  that  the  fissure  depth 
and  angle  have  only  a  secondary  modifying  influence  on  dental  caries  suscepti¬ 
bility,  their  possible  influence  is  suggested  from  Table  VIII.  For  the  susceptible 
animals,  caries  may  increase  directly  as  the  fissure  depth  and  inversely  as  the 
fissure  angle.  For  the  resistant  group,  caries  may  become  manifest  where  the 
fissure  depth  (and  tooth  size)  is  unusually  small,  but  is  little  influenced  by 
further  increase  in  the  fissure  angle. 

On  the  other  hand,  if,  as  is  suggested  in  the  second  hypothesis,  there  does 
exist  a  primary  curvilinear  relationship  between  caries  activity  and  the  factors 
Ixung  considered,  then  the  slopes  of  the  partial  regression  coefficients  in  Table 
VIII  are  illustrative  of  the  two  dimensional  curve  in  the  high  and  the  low  re¬ 
gions.  The  nature  of  the  multiple  relationship  from  which  caries  activity  might 
be  predicted  has  been  sugge.sted  in  the  freehand  sketch  in  Fig.  5.  Chance  varia¬ 
tion  in  caries  scores  for  litters  should  be  envisaged  as  variation  above  or  below 
the  contour  surface.  The  observed  values  for  the  litter  means  from  the  present 
study  have  l)een  added  merely  to  illustrate  the  meaning  of  the  relationship. 
Computing  the  exact  contour  or  testing  its  goodness  of  fit  would  require  a  very 
large  amount  of  new  data. 

•The  standard  partial  regression  coefficients  were  computed  front  the  weighted  sums  of 
squares  by  the  product  moment  correiation  method.  Weights  were  used  equal  to  the  harmonic 
mean  of  the  number  of  animals  used  for  measurement  means,  and  the  number  used  for  caries 
scores  given  in  Table  VII. 
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It  would  stHMii  of  paramount  importance  in  the  future  to  study  the  tooth 
characteristics  of  parent  animals  to  try  to  determine  whether  the  marked  varia¬ 
tion  within  litters  is  due  to  the  complexity  of  the  inherited  factors  dictating; 
tooth  morpholof?y,  or  more  simply  due  to  having  inadvertently  mated  animals 
which  possessed  the  tooth  characteristics  to  a  varying  degree.  I'sing  the 
fissure  angle  as  the  example,  it  was  apparent  from  the  raw  data  that  althougli, 
on  the  average,  the  susceptible  animals  had  smaller  fissure  angles,  it  was  still 
possible  to  select  individual  animals  with  fissure  angles  a  high  as  19  degrees, 


Kig.  5. — A  freehand  sketch  to  illustrate  a  multiple  curvilinear  relationship  between  Assure 
depth  and  angle,  and  dental  caries  susceptibility  in  rats  as  sugge.sted  by  the  partial  regression 
coeAfIcients  of  Table  VIII.  Circled  numbers  on  the  contoured  surface  indicate  observed  caries 
scores  from  susceptible  animals  ;  plain  numbers — the  scores  from  resistant  rats. 

which  is  wider  than  the  average  for  the  resistant  group.  If  a  single  tooth  were 
extracted  for  fissure  morphology  classification  prior  to  assignment  of  animals  for 
mating,  it  would  be  possible  to  select  parent  animals  w'ith  fissure  angles  close  to 
zero.  Thus,  breeding  for  caries  susceptibility  might  be  made  much  more  ef¬ 
ficient,  and  the  litters  produced  under  such  a  system  might  con.stitute  a  purer 
strain  w'hich  would  reproduce  itself  indefinitely.  Similar  steps  could  be  taken 
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to  purify  strains  regarding  fissure  depth  or  tooth  size.  However,  if  as  is  sug¬ 
gested  above,  the  genetic  mechanism  is  more  complex  than  this  would  imply, 
or  if  the  tooth  characteristics  are  not  the  primary  factors  associated  with  caries 
susceptibility,  then  further  refinement  of  strains  might  well  prove  impossible. 

This  suggested  proposal  of  extracting  a  single  tooth  for  morphologic  exam¬ 
ination  prior  to  assigning  animals  within  groups  in  an  investigation  if  applied 
to  caries  .studies,  should  vastly  improve  the  possibilty  of  clarifying  the  relation 
of  caries  susceptibility  to  tooth  morphology.  In  spite  of  the  wide  variation 
observed  between  littermates  for  tooth  characteristics,  significant  differences  were 
detected  betwetm  the  caries-resistant  and  caries-susceptible  groups.  This  points 
to  a  very  strong  relationship  between  dental  caries  and  tooth  morpholog\'  and 
size.  The  nature  of  the.s(‘  relationships,  ns  suggested  in  Fig.  4,  are  expected 
to  be  greatly  clarified  when  tooth  measurements  and  caries  scorw  are  available 
from  the  same  animals.  Such  data  are  now  l)eing  collected. 

Table  VIII 

Htandari)  Partiai,  Correlation  Coefficients  and  Partial  Regression  Coefficients  Ex- 

I'RKSSING  THE  REGRESSION  OF  CaRIES  SCORES  ON  FlSSCRE  DEPTH  AND  ON  FISSURE  ANGLE, 
Respectively,  for  the  Mesio-Occlu.sal  Fissure  of  the  Upper  First  Moijvr  of 
(’ARIES-SUSCEPTIBLE  AND  CaRIES-ReSISTANT  RAT  STRAINS 


DEFINITION  OF  COEFFICIENT 

■ 

AVERAGE 

CARIOUS 

TEETH  PER 

LITTER 

CARIES  SCORE 

AVERAGE 

CARIOUS 

LESIONS 

PER  I.ITER 

AVERAGE 

EXTENT  OF 

CARIES  PER 

LITTER 

Standard  partial  correlation  of  caries 

Susceptible 

+0.81 

+0.79 

+0.98* 

and  fissure  depth 

(d.f.2) 

Resistant 

-0.49 

-0.55 

-0.1,3 

(d.f.  7) 

Standard  partial  correlation  of  caries 

Susceptible 

-0.80 

~0.78 

-0.94 

and  fi.ssure  angle 

(d.f.2) 

Resistant 

+0.04 

+0.16 

+0.17 

(d.f.  7) 

Partial  regression  for  caries  on  fissure 

Susceptible 

+1.2 

+2.6 

+14.5 

depth 

Resistant 

-0.6 

-0.6 

-0.2 

Partial  regression  for  caries  on  fissure 

Su.sceptible 

-0.6 

-1.2 

-6.6 

angle 

Resistant 

+0.0.3 

+0.1 

+0.2 

•Correlation  slEniflcant  at  5  per  cent  level. 


The  independence  (particularly  within  litters — Table  II,  r23  and  r24)  of 
tooth  measurements  which  differed  significantly  between  groups  suggested  the 
possibility  of  devising  a  scheme  for  developing  a  differential  diagnosis  for  caries 
susceptibility.  Applying  this  idea  to  human  beings,  it  has  been  demonstrated 
through  epidemiological  studies  in  Ontario  Health  Units  (Jarrett,  Grainger, 
Paynter,  and  Nikiforuk*)  that  a  much  closer  prediction  of  caries  susceptibility 
is  possible  by  combining  available  information  on  such  factors  as  fluoridation 
hi.story,  lactobacillus  count,  and  tooth  size,  than  is  possible  by  any  single  pre¬ 
diction.  Animal  studies,  of  course,  have  the  great  advantage  that  the  oral 
environmental  attack  produced  by  the  diet  can  be  controlled,  thus  permitting 
accurate  examination  and  pos.sible  separation  of  genetic  and  developmental 
environmental  effects  on  the  teeth. 
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SUMMARY 

i^roasureinents  of  tlie  size  and  certain  inorpholofric  cliaraet eristics  of  the 
upper  first  molar  teeth  have  been  compared  Ijetween  a  caries-suseeptihle  and  a 
earies-resLstant  group  of  rats  (Harvard  strains).  Measurements  included  the 
greatest  mesiodistal  diameter  of  the  crown,  the  mesiodistal  diameter  of  the 
crown  at  the  cervix,  the  greatest  buccolingual  diameter  of  the  crown,  and  the 
depth  and  the  angle  of  the  sides  of  the  mesio-oeelusal  fissure  measured  both  from 
a  lingual  view  of  the  whole  crown  and  from  a  hernisection  of  the  tooth. 

No  significant  differences  were  found  for  any  of  the  tooth  characteristics 
measured,  between  male  and  female  animals. 

Within  the  caries-resistant  group  significant  differences  were  found  between 
litters  for  all  measurements  except  the  angle  of  the  sectioned  fis.sure.  Within 
the  caries-siusceptible  group  no  differences  of  significance  were  found  between 
litters  for  the  fis.sure  angle,  whether  measured  from  the  lingual  view  of  the 
crown  or  from  the  section,  or  for  the  fissure  depth.  The  other  measurements 
did  differ  significantly  between  litters  in  this  group.  Except  for  the  angle  of  the 
fi.ssure  from  the  lingual  view,  the  variation  between  litters  for  each  characteristic 
was  less  in  the  susceptible  group  than  in  the  resistant  group. 

When  the  differences  in  measurements  were  tested  between  susceptibility 
groups,  all  were  found  to  be  significant  except  the  buccolingual  diameter  of  the 
crown  and  the  angle  of  the  fissure  sides  as  measured  from  the  lingual  view.  The 
difference  in  mesiodistal  diameter  at  the  cervix  was  of  more  significance  than 
was  the  difference  in  greatest  mesiodistal  crown  diameter. 

The  angle  and  the  depth  of  the  mesio-occlusal  fissure  were  concluded  to  be 
separate  factors  apparently  related  to  caries  susceptibility.  While  fissure  depth 
seemed  to  be  related  to  the  size  of  the  crown  at  the  cervix,  it  was  also  established 
that  of  these  two  factors,  fissure  depth  seemed  more  strongly  related  to  caries 
susceptibility. 

Suggestions  have  been  made  as  to  the  nature  of  possible  relationships  be¬ 
tween  the  depth  and  angle  of  the  sides  of  the  fissure,  and  caries  susceptibility. 

The  capable  assistance  of  Mr.  G.  Levenstadt  in  preparing  the  spe<*imens  and  undertaking 
the  measurements  is  hereby  gratefully  acknowledged. 
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SALIVARY  (JLANl)  FUNCTION  IN  THE  RAT 

III.  Protease  and  Arginase  Activity  of  Submaxillary  Glands  and  Whoij*: 

Saliva 

WILLIAM  G.  SHAFER,  PATRICIA  G.  CLARK,  AND  jOSi:PH  C.  MUHLER 
Indiana  University,  School  of  Dentistry,  Indianapolis,  Ind. 

Evidence  has  been  presented  in  previous  studies  suggesting  that  the  ac¬ 
tivity  of  different  endocrine  organs,  principally  the  thyroid  gland,  is 
responsible  for  alterations  in  dental  caries  incidence  in  the  rat.^  ®  Further 
investigations  have  shown  that  this  endocrine  control  of  caries  activity  is  un¬ 
doubtedly  mediated  through  the  salivary  glands,  although  the  exact  mechanism 
is  not  known. Histologic  changes  have  been  observed  in  the  submaxillary 
glands  which  suggest  that  salivary  gland  function  might  be  responsible  for  the 
dilTerences  in  caries  incidence.  A  proteolytic  enzyme  (protease)  has  been 
identified  in  rat  submaxillary  gland  extracts  and  has  been  found  to  be  related 
to  thyroid  gland  activity.®  Another  proteolytic  enzyme,  arginase,  has  been 
studied  by  Kochakian,  Endahl,  and  Hall*  who  reported  that  its  activity  in 
mouse  salivary  glands  was  decreased  by  many  of  the  cortical  steroids,  while 
thyroxine  had  no  effect  on  arginase  activity  of  the  salivary  glands. 

The  presence  of  both  protease  and  arginase  in  salivary  gland  tissue  and 
the  fact  that  their  activity  may  be  altered  by  endocrine  dysfunctions  have 
suggested  that  further  investigation  of  these  enzymes  might  provide  funda¬ 
mental  information  on  the  endocrine-dental  caries  relationship.  Since  the 
presence  of  a  specific  enzyme  in  gland  extracts  does  not  prove  that  the  enzyme 
is  secreted  in  the  saliva,  it  was  important  to  investigate  the  enzymatic  nature 
of  whole  saliva  for  the  presence  or  absence  of  protease  and  arginase  and  to 
determine  whether  or  not  their  presence  is  altered  by  endocrine  dysfunction. 

EXPERIMENTAL 

The  present  study  was  divided  into  several  parts,  each  designed  to  help 
clarify  this  complex  problem  of  salivary  gland-enzyme  activity  under  the  in¬ 
fluence  of  endocrine  dysfunction.  All  of  the  animals  in  this  investigation  were 
albino  rats  of  the  Sprague-Dawley  strain  maintained  on  raised  wire-bottom 
cages  and  fed  a  stock  corn  diet*  and  distilled  water  ad  libitum.  The  numbers 
of  the  animals  in  each  portion  of  the  study  are  shown  in  the  table  summarizing 
that  portion  of  the  experiment. 

Supported  in.  part  by  the  Medical  Research  and  Development  Board,  Ottlce  of  the  Surgeon 
General,  Department  of  the  Army,  under  Contract  No.  DA-49-007-MD-332. 

Received  for  publication  July  17,  1958. 

•The  diet  used  in  this  study  consisted  of:  yellow  com  grits,  52.7  per  cent;  grouml  yellow 
whole  com,  11.3  percent;  powdered  whole  milk.  30.0  per  cent;  alfalfa,  4.8  per  cent;  iodize<l 
sodium  chloride,  1.0  per  cent;  and  Irradiated  yeast,  0.2  per  cent. 
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Part  I. — This  portion  of  the  study  was  divided  into  3  groups:  (1)  a  con¬ 
trol,  (2)  animals  receiving  10  jug  dailj’^  of  sodium  thyroxine  injected  sub¬ 
cutaneously,  and  (3)  animals  receiving  0.1  per  cent  propylthiouracil  in  the 
diet.  Ten  weeks  after  the  beginning  of  the  drug  administration,  the 
animals  were  anesthetized  with  Nembutal  (35  mg./Kg.  body  weight)  and  in¬ 
jected  subcutaneously  with  10  mg.  of  pilocarpine  nitrate  per  kilogram  of  body 
weight  in  order  to  collect  saliva  for  determination  of  protease  and  arginasc 
activity.  Protea.se  activity  was  determined  by  methods  previously  dcscribi'd.’*’ 
The  determination  of  argina.se  activity  of  the  salivary  gland  tis.sue  itself  and 
in  .saliva  is  a  modification  of  the  method  of  Friedman  and  Becker."  In  ])rei)- 
aration  for  the  determination  of  arginase  activity,  the  glands  from  one  side  of 
an  animal  were  immediately  weighed  and  placed  in  cold  (7°  (\)  redistilled 
water  (0.04  ml./mg.  of  tissue)  overnight.  The  following  day,  tissue  homoge¬ 
nates  were  prepared  for  analysis  with  a  Potter-Elvehjem  homogenizer.  An 
arginine  substrate  was  prepared  freshly  by  dissolving  9  Gm.  of  L-ai-ginine 
monohydrochloride  in  3.2  ml.  of  9  N  carbon  dioxide-free  sodium  hydroxide,  and 
made  to  a  volume  of  50  ml.  with  distilled  water.  This  arginine  solution  had 
a  concentration  of  0.85  M  and  a  pH  of  9.4.  A  total  of  1.0  ml.  of  the  arginine 
substrate  was  mixed  with  1  ml.  aliquots  of  the  homogenized  .salivary  gland 
extract  or,  in  the  case  of  the  analysis  of  whole  saliva,  with  1  ml.  aliquots 
of  pilocarpine-stimulated  saliva,  and  incubated  at  25°  C.  for  exactly  10 
minutes.  Digestion  was  stopped  by  adding  2  ml.  of  15  per  cent  trichloroacetic 
acid  to  each  tube.  The  tubes  were  .shaken  and  allowed  to  stand  at  room 
tem|)erature  for  15  minutes.  A  second  sample  was  prei)ared  by  mixing  1  ml. 
of  ti.s.sue  homogenate,  2  ml.  of  trichloroacetic  acid,  and  1  ml.  of  arginine  sub¬ 
strate  in  order  to  determine  pre-formed  urea  in  the  tis.sue.  A  blank  consisting 
of  1  ml.  of  distilled  water,  2  ml.  of  trichloroacetic  acid,  and  1  ml.  arginine  sub¬ 
strate  was  also  prepared.  All  3  tubes  were  centrifuged  at  2,(M)0  rpm  for  20 
min.,  and  to  2  ml.  of  the  supernatant  from  each  tube  was  added  15  ml.  of  a 
sulfuric-phosphoric  acid  mixture  (90  ml.  of  concentrated  H2S()4  and  270  ml. 
of  85  per  cent  H3PO4  diluted  to  1  L.  with  distilled  water).  Color  was  de¬ 
veloped  by  adding  0.5  ml.  of  a-isonitrosopropiophenone  (3.0  Gm.  per  100  ml. 
of  95  per  cent  ethyl  alcohol)  to  10  ml.  of  each  of  the  mixtures.  The  tul)es  were 
then  placed  in  the  dark  and  boiled  for  1  hour.  The  amount  of  color  formed 
was  determined  at  once  in  a  Klett  photoelectric  colorimeter  using  filter  No.  54. 
Arginase  activity  was  expressed  as  colorimetric  units  developed  by  the  urea 
by  subtracting  the  pre-formed  urea  from  the  total  urea  liberated  after  cor¬ 
recting  for  the  blank. 

Part  II. — Adult  male  rats  (5  months  of  age)  were  divided  into  3  groups, 
the  first  serving  as  controls  while  each  animal  of  the  second  group  was  in¬ 
jected  with  750  /i.c  of  carrier-free  radioactive  iodine  (P®^).  The  third  group 
received  daily  subcutaneous  injections  of  10  jig  of  thyroxine.  At  the  termina¬ 
tion  of  the  study  period  of  30  days,  the  animals  were  anesthetized  and  .saliva 
collected  for  protease  and  arginase  determinations  as  previously  described. 
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Part  III. — Male  rats  (60  days  of  age)  were  divided  into  3  groups,  the  fii’st 
group  serving  as  controls  while  each  animal  of  the  second  group  was  given  500 
/ac  of  carrier-free  radioactive  iodine  Seven  days  later,  the  animals  in  this 

latter  group  were  given  10  /tg  of  thyroxine  daily  for  4  additional  weeks.  The 
third  group  of  animals  also  received  500  /ic  of  and,  in  addition,  0.25  per 
cent  potassium  iodide  in  the  drinking  water.  After  the  experimental  period  of 
4  weeks,  the  animals  were  sacrificed;  the  right  submaxillary  glands  were  removed 
for  determination  of  protease  activity  and  the  opposite  gland  fixed  in  Zcnker- 
formol  for  histologic  examination. 

Part  IV. — This  poi-tion  of  the  study  was  divided  into  3  series.  In  Seiics  I, 
male  rats  (4  months  of  age)  were  divided  into  3  groups.  The  animals  in  the 
first  group  were  controls.  The  animals  in  the  second  group  were  hypophy- 
scctomized  at  the  age  of  4  months,  white  animals  in  the  third  group  were 
hypophysectomized  but,  in  addition,  received  25  mg.  of  testosterone  twice 
weekly  and  10  jug  of  thyroxine  daily  throughout  the  expenmental  period  of 
one  month.  At  the  termination  of  the  experiment  the  animals  were  sacrificed, 
the  combined  submaxiltary-sublingual  glands  were  removed  and  arginase  activity 
determined.  The  opposite  glands  were  prepared  for  histologic  examination. 

Series  II  consisted  of  male  rats.  3V^  months  of  age,  divided  into  3  groui)s. 
The  first  group  consisted  of  controls,  the  second  of  animals  receiving  10  /xg  of 
thyroxine  daily,  while  the  third  group  received  0.1  i)er  cent  propylthiouracil 
in  the  diet.  At  the  termination  of  the  experimental  ])eriod  of  28  days,  the 
animals  were  sacrificed  and  the  glands  removed  for  arginase  activity  and 
histologic  examination. 

Series  111  consisted  of  animals  which  were  divided  intt)  3  groups.  The 
first  group  served  as  controls  while  the  second  group  received  between  5  and 
10  mg.  of  desiccated  thyroid  in  the  diet  daily  dei)ending  upon  the  animal’s 
body  weight  and  drug  tolerance.  The  third  group  received  O.l  per  cent 
l)ropylthiouracil  in  the  diet.  At  the  end  of  the  experimental  i)eriod  of  one 
month,  the  animals  were  sacrificed  and  the  salivary  glands  removed  for 
arginase  activity  and  for  histologic  examination. 

Part  V. — One  group  of  adult  male  rats  with  a  mean  body  weight  of  351 
Om.  were  injected  subcutaneously  with  0.6  ml.  per  kilogram  of  body  weight 
of  a  10  per  cent  aqueous  solution  of  pilocarpine  nitrate.  A  second  untreate<l 
group  served  as  controls.  The  pilocarpine  animals  were  sacrificed  1,  2,  and  4 
hours  after  administration  of  the  sialogogue.  In  a  second  portion  of  Part  V, 
rats  of  the  same  sex  and  strain,  having  a  mean  body  weight  of  372  fJm.  were 
injected  subcutaneously  with  25  mg.  per  kilogram  of  body  weight  of  a  2.5  per 
cent  aqueous  solution  of  pilocarpine  nitrate.  An  additional  untreated  group 
served  as  controls.  In  this  portion  of  the  study,  the  animals  were  sacrificed 
at  periods  of  1,  2,  4,  6,  and  8  hours  following  the  administration  of  the  drug. 
Control  animals  were  sacrificed  only  at  the  beginning  of  the  study. 

When  the  animals  were  sacrificed,  the  right  combined  submaxillary  and 
sublingual  glands  were  removed  for  protease  activity,  while  the  opposite 
glands  were  fixed  in  Zenker-formol  solution  for  histologic  study. 
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RESULTS 

Part  I. — Pilocarpine  administered  to  animals  receiving  sodium  thyroxine 
resulted  in  an  increased  volume  of  saliva  when  compared  to  controls  not  receiv¬ 
ing  thyroxine.  Similar  animals  receiving  propylthiouracil  produced  signifi¬ 
cantly  less  saliva  (p  =  0.02)  than  either  the  controls  or  the  animals  receiving 
thyroxine  (Table  I).  The  protease  activity  of  the  saliva  did  not  differ  signifi¬ 
cantly  among  the  3  groups.  This  is  in  contrast  to  studies  previously  reported  in 
which  it  was  shown  that  thyroxine  administration  significantly  increases  the 
protease  activity  of  submaxillary  gland  tissue  extracts.®  In  this  study,  how¬ 
ever,  adult  animals  were  used,  as  compared  to  previous  studies  in  which  wean¬ 
ling  animals  were  used.  Propylthiouracil  has  been  shown  previously  to  reduce 
protease  activity  of  submaxillary  extracts.®  Salivary  arginase  activity  also  was 
not  significantly  different  among  any  of  the  different  groups  of  animals. 


Table  I 

The  Effect  of  Thyroxine  and  Thiouracil  on  Salivary  Flow  and  Salivary  Protease  and 

Arginase  Activity 


group 

NO.  OF 

animals 

AVG.  WT. 

OF  ANIMALS 

1  (GM.) 

SALIVA 

SECRETED 

(ML./HR.) 

PROTEASE  1 
ACTIVITY/ML. 
OF  SALIVA 

ARGINASE 
ACTIVITY/ML. 
OF  SALIVA 

Control 

7 

360 

2.9  ±  0.6* 

156  +  18 

85  ±  31 

Thyroxine 

7 

356 

4.3  ±  1.2 

160  ±  11 

80  ±  24 

Thiouracil 

6 

273 

1.6  ±  0.4 

185  ±  13 

96  ±  28 

•standard  deviation. 


Part  II. — The  salivary  flow  was  only  slightly  reduced  in  animals  receiving 
1131  while  the  administration  of  thyroxine  to  radiothyroidectomized  rats  restored 
salivary  volume  to  the  level  of  the  controls  (Table  II).  However,  these  animals 
were  also  mature  at  the  time  of  the  thyroidectomy  and,  as  such,  cannot  be  di¬ 
rectly  compared  with  previous  work.  Viscosity  showed  an  insignificant  increase 
in  the  radiothyroidectomized  group,  and  the  mean  viscosities  for  the  control  and 
I^®Lthyroxine  groups  were  identical. 


Table  II 

The  Effect  of  Radiothyroidectomy  and  Thy'roxine  Repijicement  Therapy  on  Sauvary 
Flow,  Viscosity,  and  Protease  and  Arginase  Activity  in  Mature  Rats 


GROUP 

NO.  OF 
ANIMALS 

WT.  OP 
ANIMALS 
(GM.) 

SALIVARY 

FliOW 

(ML./HR.) 

AVERAGE 

VISCOSITY 

(SEC.) 

PROTEASE 
ACTIVITY/ML. 
OF  SALIVA 

ARGINASE 
ACTIVITY/ML. 
OP  SALIVA 

Controls 

8 

343 

4.6  ±  0.8 

50  ±  11 

101  ±  8.5 

81  ±  10 

1131 

1131  + 

6 

348 

3.6  ±  1.1 

69  ±  17 

140  ±  31 

79  ±  27 

thyroxine 

7 

323 

4.7  ±  1.1 

50  ±  6 

214  ±  80  ^ 

65  ±  20 

Salivary  protease  activity  varied  widely  in  the  different  groups  but  did 
show  an  increase  in  the  I^®Lthyroxine  group  as  compared  to  the  control.  The 
salivary  arginase  activity  did  not  differ  significantly  between  the  three  groups 
of  animals. 

Part  III. — The  protease  activity  of  submaxillary  gland  tissue  extracts  was 
significantly  greater  in  animals  which  had  been  radiothyroidectomized  and  given 
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thyroxine  than  in  controls  (Table  III).  Even  though  the  weight  of  the  sub- 
inaxillary  gland  is  greater  in  the  P®‘-thyroxine  group  than  in  the  control  group, 
the  protease  activity  per  gram  of  tis.sue  is  still  significantly  greater. 


Table  III 

The  Effect  of  Thyroxine  and  Potassium  Iodide  in  Radiothyroidectomized  Rats  on 
Protease  Activity  of  Submaxillary  Glands 


GROUP 

NO.  OF 

ANIMALS 

AVERAGE 

WEIGHT 

OF  ANIMALS 
(GM.) 

AVERAGE 

WEIGHT 

OF  GLAND 
(MG.) 

AVERAGE 

ACTIVITY 

REIATIVE 

PROTEASE 

OF  GI.AND 

1  activity/gm. 

Control 

5 

207 

186.7 

3.6 

4.0  ±  0.6 

1131  +  thyroxine 

5 

210 

225.9 

8.5 

7.7  ±  0.9 

1131  +  pota.<<sium 
iodide 

5 

190 

184.3 

2.7 

3.0  ±  0.6 

The  administration  of  and  potassium  iodide  resulted  in  no  significant 
differences  in  protease  activity  of  gland  extracts  as  compared  to  controls.  There 
was  difference  between  the  animals  receiving  thyroxine  and  those  receiving 
potassium  iodide.  This  confirms  previously  reported  studies  and  it  should  be 
noted  also  that  the  animals  in  this  portion  of  the  study  were  young  animals. 
Furthermore,  it  should  be  noted  that  no  differences  were  found  in  protease  of 
whole  saliva  between  similar  groups  in  Part  I  of  this  study. 

Part  IV. — In  Series  I  of  this  experiment,  a  slight  difference  in  the  arginase 
activity  of  submaxillary  gland  extracts  from  hypophysectomized  rats  was 
found  while  a  decrease  in  activity  in  hypophysectomized  animals  receiving 
testosterone  and  thyroxine  was  noted  (Table  IV).  The  difference  in  gland 
activity  between  hypophysectomized  animals  receiving  no  supplement  and  those 
receiving  the  thyroxine  and  testosterone  is  significant. 


Table  IV 


The  Effect  of  Thyroid  Function  on  Arginase  Activity  of  Rat  Submaxillary  Glands 


GROUP 

NO.  OF 
ANIMALS 

AVERAGE  WEIGHT 
OF  ANIMALS 
(GM.) 

AVERAGE  WEIGHT 

GIJiND 

(MG.) 

UNITS  ARGINASE 
(PER  WT.  gland) 

Series  I 

Control 

Hypophy- 

7 

363 

288.0 

89  ±  24 

sectomized 

Hypo.  +  test¬ 
osterone  + 

5 

241 

120.0 

139  ±  35 

thyroxine 

6 

253 

200.3 

55  ±  9 

Series  II 

Control 

5 

351 

297.1 

80  ±  28 

Thyroxine 

5 

337 

317.0 

46  ±  35 

Thiouracil 

5 

305 

237.3 

89  ±  9 

Series  III 

Control 

Desiccated 

3 

310 

298.3 

47  ±  27 

th3rroid 

2 

260 

342.3 

18+7 

Thiouracil 

3 

256 

215.2 

70  ±  18 
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In  Series  II,  no  difference  between  the  mean  values  for  arginase  activity 
in  controls  and  animals  receiving  thyroxine  was  found  (Table  IV).  Animals 
receiving  propylthiouracil  had  essentially  the  same  submaxillary  gland 
arginase  activity  as  control  animals. 

In  Series  HI.  the  arginase  activity  in  animals  receiving  desiccated  thyroid 
resulted  in  a  significant  decrease  in  arginase  activity  while  the  propylthiouracil 
caused  an  increase  in  arginase  activity  as  compared  to  controls  (Table  IV). 

Part  V. — In  Series  I,  the  relative  protease  activity  was  found  to  diminish 
over  the  1-,  2-,  and  4-hour  j^eriods  concomitant  with  a  diminution  in  the  average 
weight  of  the  combined  submaxillary-sublingual  gland  (Table  V).  The  protease 
activity  per  gram  of  salivary  gland  tissue  showed  no  differences,  however, 
through  the  4-hour  period. 


Tabi.e  V 

The  Effect  of  Pu/)carpine  on  Pkotea.se  Activity  and  Granvear  Tubiti.es  of  Rat  8itb- 

MAXII.I.ARY  GEANDS 


TIME 

INTERVAE 
(IIOPRS)  ' 

NO.  OF 
ANIMAES 

AVERAGE 

WEIGHT 

OF  GEANII 
(MG.) 

AVERAGE  PROTEASE  ACTIVITY 
REEATIVE  1  ACTIVITY/GM. 

AVERAGE 
DIAMETER  OF 

1  TITBITEES  (/i) 

Series  ] 

0 

4 

280.6 

18.0 

+ 

0.9 

1.1.3 

+ 

1.1 

44.1  ± 

1.0 

1 

4 

279.7 

17.2 

+ 

1.2 

12.6 

+ 

0.5 

47.6  ± 

2.1 

2 

4 

261.2 

15.5 

+ 

1..1 

12.2 

+ 

0.9 

45.8  ± 

1.4 

4 

.1 

227.8 

1.1.7 

+ 

1.4 

12..1 

+ 

0.3 

45.5  ± 

1.7 

Series  II 

0 

6 

.169.7 

18.6 

+ 

.1.5 

10.4 

+ 

0.6 

45.2  ± 

0.8 

1 

5 

.175.0 

17.2 

+ 

1.7 

9.4 

+ 

0.5 

46.5  ± 

1.5 

2 

5 

.156.9 

18.0 

+ 

1.7 

10.3 

+ 

0.9 

46.1  ± 

0.9 

4 

5 

.107.8 

1.1.6 

+ 

.1.1 

9.1 

+ 

0.5 

45.3  ± 

1.4 

n 

5 

294.9 

1.1.5 

+ 

1.5 

9.4 

+ 

0.5 

46.4  ± 

1.0 

8 

5 

.119.9 

15.0 

+ 

2..1 

9.6 

+ 

1.1 

45.6  ± 

2.3 

The  weight  of  the  combined  submaxillary-sublingual  salivary  gland  in 
Series  11  of  this  portion  of  the  study  remained  es.sentially  the  same  until  the 
2-hour  interval  when  a  precipitous  decline  began  which  was  not  reversed  until 
the  8-hour  period.  These  findings  are  similar  to  those  in  Series  I,  although  no 
reversal  of  gland  weight  decline  was  found  in  the  first  series  since  the  study 
continued  for  only  4  hours. 

The  relative  protease  activity  of  the  glands  decreased  with  the  decreased 
weight  of  the  gland  at  the  time  intervals  studied.  However,  the  activity  per 
gram  of  tissue  did  not  differ  significantly.  ' 

A  study  was  also  made  of  the  granular  tubules  in  the  submaxillary  glands 
since  it  has  been  .suggested  that  these  are  the  site  of  the  protea.se.  These  have 
been  found  to  vary  in  diameter  and  granule  content  concomitant  with'  certain 
endocrine  dysfunctions  which  alter  salivary  gland-protease  activity  and  these 
data  have  l>een  previously  reported.**  In  both  Series  I  and  Series  II  of  this 
investigation,  no  significant  changes  were  found  in  the  diameter  of  these  granu¬ 
lar  tubules  at  any  time  interval. 


V’oluine  38 
Number  I 


SALIVARY  GLAND  FUNCTION  IN  RAT.  Ill 


127 


DISCUSSION 

These  investigations  have  been  designed  expressly  to  study  protease  and 
arginase  activity  in  both  submaxillary  gland  extracts  and  whole  saliva  in  the 
rat.  While  the  proteolytic  enzyme  activity  of  submaxillary  gland  extracts  can 
be  demonstrated  to  vary  with  certain  endocrine  dysfunctions,  it  has  been  found 
that  there  is  no  consistent  alteration  in  this  activity  in  whole  saliva  in  animals 
receiving  thyroxine,  propylthiouracil,  or  in  radiothyroidectomized  adult  rats 
under  the  conditions  of  the  present  studies. 

Arginase  activity  of  submaxillary  gland  extracts  appears  to  vary  inversely 
with  proteolytic  activity.  It  has  been  previously  reported  that  hypophysectomy 
results  in  a  decreased  proteolytic  activity  of  the  submaxillary  gland.  The  pres¬ 
ent  studies  reveal  that  arginase  activity  increases  following  hypophysectomy.  In 
addition,  there  is  some  decrease  in  arginase  activity  following  administration  of 
thyroxine  or  desiccated  thyroid  and  an  increase  following  propylthiouracil 
administration.  These  findings  would  confirm  the  idea  that  the  granular 
tubules  of  the  submaxillary  gland  are  the  site  of  the  protease,  whereas  the 
acinar  cells  are  the  source  of  the  arginase.  This  may  be  explained  assuming 
that,  as  the  granular  tubules  increase  in  size  when  thyroxin  is  administered, 
concomitant  increases  in  protease  activity  occur,  suggesting  that  the  amount 
of  acinar  tissue  of  gland  is  actually  reduced,  thus  resulting  in  a  decreased 
arginase  activity.  Conversely,  as  the  granular  tubules  are  diminished  in  size 
under  the  influence  of  hypophysectomy  or  propylthiouracil  administration,  a 
corresponding  decrease  in  protease  activity  occurs  and  there  is  an  increase  in 
the  actual  amount  of  acinar  tissue  present  per  volume  of  gland,  thus  showing 
a  corresponding  increase  in  arginase  activity. 

The  study  of  protease  activity  under  the  influence  of  pilocarpine  stimu¬ 
lation  can  contribute  significant  information  to  the  general  problem  of  salivary 
gland  function.  While  pilocarpine  was  found  to  increase  saliva  volume  within 
a  short  time  after  administration,  no  obvious  gross  differences  were  seen  in 
the  appearance  of  the  glands  at  any  time.  The  gradual  decline  in  gland 
weight  apparently  relates  to  an  exhaustion  of  the  secretoiy  materials  within 
the  gland,  and  it  is  of  interest  that  the  reversal  of  the  progressive  weight  loss 
of  the  gland  is  not  noted  until  the  8-hour  period  following  pilocarpine  ad¬ 
ministration. 

The  fact  that  there  is  a  significant  progressive  decrease  in  relative  protease 
activity  but  no  changes  in  protease  activity  per  gram  of  gland  tissue  indicates 
that  protease  activity  is  relatively  constant  under  stimulation  of  secretory 
activity.  One  would  predict  from  these  data  that  the  protease  activity  of  the 
whole  saliva  would  not  be  progres.sively  altered. 

The  average  diameter  of  the  granular  tubules,  which  are  thought  to  be 
the  site  of  the  proteolytic  substance,  does  not  change  remarkably  following 
pilocarpine  administration.  This  is  in  contradistinction  to  the  changes  oc¬ 
curring  following  alterations  in  the  endocrine  balance  where,  for  example, 
there  is  a  very  great  decrease  in  tubular  size  following  radiothyroidectomy, 
the  administration  of  projiylthiouracil  or  hypophysectomy.^’  This  finding 
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of  the  constancy  of  the  size  of  the  tubules  concomitant  with  lack  of  change 
of  proteolytic  activity  following  pilocarpine  treatment  supports  the  suggestion 
that  the  proteolytic  substance  is  localized  in  these  tubules. 

SUMMARY 

A  series  of  studies  has  been  carried  out  in  order  to  investigate  protease  and 
arginase  activity  of  the  submaxillary  gland  and  whole  saliva.  The  data  indicate 
that : 

1.  The  administration  of  thyroxine  and  of  propylthiouracil  or  thyroidec- 
tomizing  doses  of  does  not  alfeet  the  protease  or  arginase  activity  of  pilo¬ 
carpine-stimulated  saliva. 

2.  The  administration  of  thyroxine  or  of  desiccated  thyroid  results  in  an 
increase  in  protease  activity  and  a  decrease  in  arginase  activity  of  submaxillary 
gland  extracts.  Hypophysectomy  or  the  administration  of  propylthiouracil 
increases  arginase  activity  of  submaxillary  gland  extracts. 

3.  The  protease  activity  per  gram  of  submaxillary  gland  tissue  in 
pilocarpine-stimulated  animals  does  not  change  over  an  8-hour  period  although 
there  is  a  decrease  in  the  wet  weight  of  the  gland.  The  average  diameter  of  the 
submaxillary  granular  tubules,  presumably  the  site  of  the  protease,  does  not 
change  following  pilocarpine  stimulation. 

REFERENCES 

1.  Muhler,  J.  C.,  and  Shafer,*  W.  G.:  Experimental  Dental  Caries.  IV.  The  Effect  of 

Feeding  Desiccated  Thvroid  and  Thiouracil  on  Dental  Caries  in  Rats,  Science  119: 
687,  1954. 

2.  Muhler,  J.  C.,  and  Shafer,  W,  G.:  Experimental  Dental  Caries.  VIII.  Effect  of 

Thvroid-Testosterone  Administration  on  Dental  Caries  in  the  Rat,  Proc.  Soc.  Exper. 
Biol.  ^  Med.  88:  191,  1955. 

3.  Muhler,  J.  C.,  Bixler,  D.,  and  Shafer,  W.  G.:  Effect  of  Replacement  Therapy  on  Dental 

Caries  Experience  of  Radiothvroidectomized  Rats,  Proc.  Soc.  Exper.  Biol.  4"  Med. 
93:  328,  1956. 

4.  Shafer,  W.  G.,  and  Muhler,  J.  C. :  The  Effect  of  Desiccated  Thyroid,  Propylthiouracil, 

Testosterone,  and  Fluorine  on  the  Submaxillary  Glands  of  the  Rat,  J.  D.  Bes.  35: 
922,  1956. 

5.  Bixler,  D.,  Muhler,  J.  C.,  Webster,  R.  C.,  and  Shafer,  W.  G.:  Changes  in  Submaxillary 

Gland  Ribonucleic  Acid  Following  Hypophysectomy',  Thyroidectomy'  and  Various 
Hormone  Treatments,  Proc.  Soc.  Exper.  Biol.  4'  Med.  94:  521,  1957. 

6.  Clark,  P.  G.,  Shafer,  W.  G.,  and  Muhler,  J,  C.:  Effect  of  Hormones  on  Structure  and 

Proteolytic  Activity  of  Salivary  Glands,  J.  D.  Rea.  36:  403,  1957. 

7.  Bixler,  D.,  Muhler,  J.  C.,  and  Shafer,  W,  G.:  The  Relationship  Between  the  Histology 

of  the  Thyroid  and  the  Salivarv  Glands  and  the  Incidence  of  Dental  Caries  in  the 
Rat,  J.  D.  Rea.  36:  571,  1957. 

8.  Shafer,  W.  G.,  Clark,  P.  G.,  Bixler,  D.,  and  Muhler,  J.  C.:  Salivarv  Gland  Function  in 

Rats.  II.  Effects  of  Thyroid  Function  on  Salivary'  Flow'  and  Viscosity',  Proc.  Soc. 
Exper.  Biol.  4'  Med.  98:  245,  1958. 

9.  Kochakian,  C.  D.,  Endahl,  B.  R.,  and  Hall,  H.  1).:  Arginase  Activity  of  the  Salivary 

Glands  and  Its  Regulation  bv  Androgens,  Proc.  Soc.  Exper.  Biol.  4"  Med.  89:  289, 
1955. 

10.  Shafer,  W.  G.,  and  Muhler,  J.  C.:  Experimental  Dental  Caries.  VI.  The  Effect  of 

Hypophysectomv  on  Dental  Caries  and  the  Salivarv  Glands  of  the  Rat,  J.  I).  Rea. 
34:  531,  1955. 

11.  Friedman,  M.  M.,  and  Becker,  E.:  Colorimetric  Determination  of  Blood  Arginase, 

Clin.  Chem.  1:  110,  19.55. 


FLUORIDE  CONTENT  OF  HUMAN  TEETH  FROM  THE  ORIENT  AND 
THE  CANADIAN  ARCTIC 

JAMES  H.  SHAW,  JOAN  B.  BESNICK,  AND  EDWARD  A.  SWEENEY 
Harvard  School  of  Dental  Medicine,  Boston,  Mass. 

The  enamel  and  dentin  of  residents  of  Dellii  and  Bombay,  India,  have 
been  shown  by  Shaw,  Gupta,  and  Meyer*  to  contain  hi«;h  levels  of  fluoride  in 
comparison  to  the  fluoride  levels  in  enamel  and  dentin  from  low-fluoride  areas 
in  the  United  States.*’  *  The  present  survey  was  undertaken  to  determine  the 
fluoride  levels  of  enamel  and  dentin  from  other  population  groups  in  the  Orient 
and  from  Eskimos  and  Indians  in  the  Canadian  Arctic  areas. 

EXPERIMENTAL 

During  the  course  of  this  survey,  teeth  were  obtained  from  a  total  of  534 
individuals  in  the  United  States,  India,  Pakistan,  Iran,  and  the  Canadian 
Arctic.  Extracted  teeth  w’ere  available  from  15  patients  in  Boston,  ^Mass., 
whose  ages  varied  from  9  to  51;  most  of  these  patients  were  in  the  14-  to  25- 
year  age  group.  The  East  Indian  teeth  were  obtained  from  5  widely  separated 
areas:  from  67  patients  in  Delhi,  whose  ages  varied  from  10  to  65,  mainly  from 
the  25-  to  50-year  age  group;  from  52  patients  in  Calcutta,  whose  ages  varied 
from  12  to  62;  from  23  patients  in  Bombay,  whose  ages  varied  from  20  to  64; 
from  29  patients  in  Lucknow  of  unknown  age;  and  from  22  patients  in 
Dibrugarh,  which  is  located  in  Assam,  w’hose  ages  varied  from  18  to  60.  Teeth 
from  15  Pakistani  military  personnel  stationed  in  Lahore  and  from  6  Iranians, 
natives  at  an  army  base,  were  obtained  by  a  United  States  Public  Health 
survey  team.  The  Canadian  samples  were  from  the  Eastern  and  Western 
Arctic  regions  and  Northern  Alberta,  and  w’cre  classified  into  5  groups  on  the 
basis  of  dietary  and  racial  backgrounds.  The  first  group  consisted  of  197 
Eskimos  who  currently  were  living  along  the  coast  under  primitive,  isolated 
circumstances  and  were  consuming  predominantly  a  seal  and  fish  diet.  In  the 
second  group  were  6  Eskimos  of  the  nomadic  caribou  culture  who  lived  inland 
and  followed  the  caribou  herds  and  whose  diet  was  largely  composed  of  meat, 
lierries,  etc.,  with  a  minimum  amount  of  the  refined  foods  associated  W’ith 
civilization.  The  third,  fourth,  and  fifth  groups  were  composed,  respectively, 
of  32  Eskimos  who  currently  were  living  in  the  vicinity  of  trading  posts  and  W’ere 
consuming  a  diet  composed  to  a  large  extent  of  foods  purchased  at  the  posts,  13 
Indians  on  a  primitive  diet  living  in  remote  areas,  and  57  Indians  who  currently 

Thi.*»  stutly  was  supported  to  a  large  extent  by  grant-ln-alcl  r>-204.  National  Institute 
of  Dental  Research.  I'.  S.  Public  Health  Service,  Bethesda,  Md. 

Received  for  publication  July  21,  1958. 
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were  living  in  settlements  and  villages  where  commercially  prepared  foods 
were  available.  Ages,  location  of  childhood  residence,  and  other  comparable 
data  were  to  a  large  extent  unavailable  for  the  Eskimo  and  Indian  population 
groups. 

After  detailed  visual  observation  and  clas.sifieation  according  to  types, 
each  tooth  was  carefully  cleaned  of  all  calculus,  carious  material,  and  superficial 
surface  stains.  The  crown  was  then  cut  from  the  root  or  roots  by  a  power 
jig  saw'  and  pulverized  in  a  diamond  mortar  until  the  particles  were  sufficiently 
small  to  pass  through  a  100-mesh  sieve.  A  fiotation-centrifugation  procedure, 
using  a  bromoform-acetone  mixture,  as  described  by  Manly  and  Hodge,®  was 
used  to  separate  the  enamel  from  the  dentin.  Distillation  of  the  fiuoride  in  the 
enamel  and  dentin  samples  from  contaminating  materials  was  conducted  in 
polyethylene  bottles  by  the  procedure  described  by  Singer  and  Armstrong.^ 
The  colorimetric  method  described  by  Icken  and  Blank®  was  used  to  determine 
the  amount  of  fiuoride  in  the  distillate. 

RESULTS  AND  DISCUSSION 

The  results  of  the  fluoride  analyses  are  presented  in  Table  I.  Samples  of 
the  enamel  and  dentin  from  Boston  teeth  were  found  to  have  the  lowest  levels 
of  fluoride,  54  ppm  and  86  ppm  of  fluoride,  respectively.  All  of  the  other  popu¬ 
lation  groups  had  levels  of  fluoride  in  the  enamel  and  dentin  that  were  judged 
statistically  to  be  significantly  higher  than  the  levels  in  the  Boston  teeth.  The 
small  group  of  Iranian  teeth  had  the  highest  levels,  with  averages  of  267  ppm 
of  fluoride  in  the  enamel  and  911  ppm  of  fluoride  in  the  dentin.  The  Delhi 
teeth  had  the  next  highest  average  values,  with  261  ppm  of  fluoride  in  the 
enamel  and  730  ppm  of  fluoride  in  the  dentin.  These  average  values  were  ver>’ 
similar  to  the  average  values  reported  earlier  for  other  groups  of  teeth  collected 
in  Delhi.*  The  present  average  values  for  Delhi  teeth  were  significantly  greater 
than  the  average  values  for  the  enamel  and  dentin  from  the  other  4  areas  of 
India,  which  ranged  from  a  high  of  190  ppm  of  fluoride  for  enamel  and  589 
ppm  of  fluoride  for  dentin  for  the  Lucknow  teeth  to  a  low  of  108  ppm  of 
fluoride  for  enamel  and  278  ppm  of  fluoride  for  dentin  for  the  teeth  from  the 
individuals  in  Dibrugarh.  The  average  values  for  Bombay  teeth  were  again 
closely  similar  to  the  average  values  for  the  earlier  sample  of  Bombay  teeth 
for  which  values  have  been  reported.*  The  differences  between  the  levels  of 
fluoride  for  the  teeth  from  individuals  in  Bombay,  Calcutta,  and  Lucknow 
were  found  to  be  .statistically  insignificant.  However,  the  differences  between 
the  levels  for  these  3  areas  and  the  levels  for  the  teeth  from  Dibrugarh  were 
statistically  of  borderline  significance.  Generally,  the  differences  in  the  levels 
of  fluoride  in  dentin  were  of  greater  statistical  significance  than  similar  differ¬ 
ences  in  the  levels  of  fluoride  in  enamel.  This  trend  was  especially  true  in  the 
comparison  of  the  levels  of  fluoride  in  the  Lucknow  and  Calcutta  dentin. 

The  Pakistani  teeth  were  found  to  have  levels  of  204  ppm  of  fluoride  for 
enamel  and  627  ppm  of  fluoride  for  dentin,  both  appreciably  lower  than  the 
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Delhi  values,  but  these  dilferences  were  not  sufficiently  large,  in  view  of  the 
large  standard  errors  of  the  means,  to  be  of  statistical  significance. 

An  evaluation  of  the  causes  of  extraction  for  teeth  of  the  Indian  citizens 
revealed  that  about  40  per  cent  of  the  Delhi  teeth  were  extracted  for  caries  and 
55  per  cent  for  various  types  of  periodontal  disease.  On  the  other  hand,  caries 
was  given  as  the  re”v5oi;  for  the  extraction  of  teeth  in  Bombay  in  only  a  very 
few  cases,  whereas  periodontal  disease  was  given  as  the  reason  for  60  per  cent 
of  the  extractions  in  Calcutta,  where  caries  cau.sed  25  per  cent.  The  teeth  from 
individuals  in  Dibrugarh  were  extracted  mainly  for  periodontal  disease  (80 
per  cent)  and  only  secondarily  for  caries  (12  per  cent).  Similar  data  for  the 
Lucknow  teeth  were  not  available.  Since  the.se  samples  were  relatively  small, 
the  distribution  of  causes  for  extraction  among  dental  caries,  periodontal 
disease,  and  other  reasons  is  not  to  be  considered  as  a  valid  index  of  the  relative 
prevalence  of  oral  disease  in  these  areas.  Further  evaluation  on  the  relation¬ 
ship  between  fluoride  levels  and  caries  for  the  Delhi  teeth  revealed  that  those 
teeth  w'hich  had  been  extracted  for  caries  had  slightly  lower  levels  of  fluoride 
than  teeth  extracted  for  other  reasons.  However,  this  difference  was  not  sta¬ 
tistically  significant. 

The  average  levels  of  fluoride  for  the  Canadian  enamel  and  dentin  samples 
were  in  the  same  range  as  those  of  the  Indian  samples,  excluding  Delhi.  The 
fluoride  levels  for  the  enamel  and  dentin  samples  for  the  various  Canadian 
groups  differed  from  each  other  by  relatively  small  amounts  except  for  the 
group  of  Indians  Imng  in  close  contact  with  civilization.  The  levels  of  fluoride 
in  the  enamel  and  dentin  of  the  coastal  Eskimos  on  a  primitive  fish  diet  and  of 
the  Eskimos  living  in  close  proximity  to  trading  posts  were  significantly  higher 
than  that  of  the  Indians  on  a  civilized  diet.  There  was  no  significant  difference 
between  the  levels  of  fluoride  in  the  enamel  and  dentin  of  the  3  groups  of 
Eskimos,  two  of  which  were  currently  consuming  primitive  diets,  and  the 
third  a  diet  composed  of  large  amounts  of  commercially  available  foods.  How¬ 
ever,  all  5  of  the  Eskimo  and  Indian  groups  had  levels  of  fluoride  in  their 
enamel  and  dentin  that  were  significantly  higher  than  the  fluoride  levels  of  the 
teeth  collected  in  Boston. 

The  Eskimos  and  Indians  living  in  the  Canadian  Arctic  on  civilized  diets 
generally  had  more  caries  than  their  contemporaries  on  primitive  diets. 
Whereas  60  per  cent  of  the  teeth  extracted  from  Eskimos  on  primitive  diets 
were  lost  because  of  periodontal  disease,  most  of  tho.se  on  a  civilized  diet  had 
teeth  removed  for  caries.  This  was  also  true  for  the  Canadian  Indians,  although 
the  Indians  on  the  primitive  diet  had  a  higher  percentage  of  extractions  be¬ 
cause  of  caries  than  Eskimos  on  primitive  diets.  The  Eskimos  on  primitive 
diets  whose  teeth  had  been  extracted  because  of  carious  lesions  had  slightly 
lower  levels  of  fluoride  in  both  enamel  and  dentin  than  their  contemporaries 
whose  teeth  had  been  lost  by  reason  of  periodontal  disease  and  other  causes.  As 
in  the  teeth  from  Delhi,  this  difference  was  statistically  insignificant. 

Water  samples  were  not  available  in  this  surve^^  In  many  cases,  no  water 
samples  would  have  been  representative  for  the  individuals  whose  teeth  were 
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available  for  analyses.  This  comment  is  particularly  pertinent  for  individuals 
in  Iran  and  Pakistan  who  were  military  personnel  stationed  at  bases  in  those 
countries  and  who  were  undoubtedly  from  widely  separated  areas  of  their 
countries.  Again,  in  the  ease  of  the  Eskimos  and  Indians  in  the  Canadian 
Arctic  areas,  communal  water  supplies  were  not  available  and  widely  different 
sources  of  water  undoubtedly  were  used  in  the  course  of  their  lifetimes.  To 
a  lesser  extent,  similar  i)roblems  ari.se  in  connection  with  the  population 
groups  from  India  where  exact  knowledge  of  the  water  supplies  available  dur¬ 
ing  childhood  may  not  be  obtainable  by  reason  of  change  in  residence,  installa¬ 
tion  of  communal  w’ater  supplies,  and  such  other  factors  as  seasonal  variations 
in  the  available  Avater. 

The  variations  in  fluoride  values  within  each  of  these  population  groups  is 
large  enough  to  cause  speculation  as  to  the  reason.  Variations  in  fluoride 
intake  as  well  as  variations  in  individual  utilization  of  ingested  fluoride  may 
be  involved.  In  each  population  group  sampled  in  India,  Pakistan,  Iran,  and 
the  Canadian  Arctic  areas,  the  lowest  fluoride  values  in  the  enamel  are  as  low 
or  almost  as  low  as  the  average  value  for  fluoride  in  the  enamel  of  the  teeth 
calcified  during  residence  in  Bo.ston  where  fluoride  ingestion  is  known  to  be 
very  low.  To  a  lesser  extent,  this  observation  can  be  duplicated  with  respect 
to  the  low  levels  of  fluoride  in  the  dentin  of  the  various  population  groups.  In 
every  population  group,  there  were  from  one  to  several  enamel  fluoride  values 
that  were  lower  than  the  highest  values  for  enamel  fluoride  observed  in  the 
teeth  extracted  in  Boston.  With  respect  to  the  dentin  from  every  population 
group  except  the  Pakistani  and  Iranian  groups,  anwhere  from  one  to  several 
samples  were  analyzed  that  had  lower  fluoride  concentrations  than  the  highest 
values  for  dentin  in  teeth  extracted  in  Boston.  The  extent  of  overlapping  was 
remarkable  in  view  of  the  large  differences  in  the  average  values  for  the  various 
population  groups. 

Except  for  the  teeth  from  Boston,  the  average  fluoride  levels  for  the 
enamel  and  dentin  from  the  other  population  groups  were  sufficiently  high  to 
give  a  pronounced  resistance  to  dental  caries  if  all  other  associated  factors  of 
oral  environment,  tooth  structure,  oral  hygiene,  etc.,  were  equivalent. 

Obviously,  this  survey  represents  only  cursory  evaluations  of  various 
populations  in  several  different  areas  of  the  world,  and  the  results  cannot  be 
broadly  applied  to  the  populations  in  those  areas.  However,  the  composite 
nature  of  a  number  of  these  groups  and  the  close  comparison  of  the  new  averages 
for  teeth  from  Delhi  and  Bombay  with  earlier  averages  strongly  suggest  that 
relatively  high  fluoride  values  occur  in  the  enamel  and  dentin  in  widespread 
areas  of  the  world  where  low  saseeptibility  to  dental  caries  has  been  reported 
previously.  There  is  a  real  need  for  specific  information  on  the  source  of  the 
fluoride  and  the  amounts  of  fluoride  ingested  by  populations  with  these  types 
of  backgrounds,  (’ollection  of  information  of  this  nature  can  be  done  only  in 
surveys  conducted  with  the  greatest  care  in  the  actual  areas  where  the  citizens’ 
teeth  are  under  investigation. 
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SUMMARY 

,  Fluoride  determinations  have  been  made  on  the  enamel  and  dentin  of 
teeth  from  534  individuals  from  the  United  States,  Pakistan,  Iran,  5  areas  of 
.India,  and  5  racial  and  cultural  groups  in  the  Canadian  Arctic  regions. 

In  comparison  with  the  average  fluoride  levels  of  enamel  and  dentin 
from  teeth  extracted  in  Boston,  the  average  fluoride  levels  of  enamel  and  dentin 
from  each  of  the  other  12  population  groups  were  significantly  higher.  The 
highest  levels  of  fluoride  were  observed  in  teeth  extracted  from  military 
personnel  in  an  Iranian  army  base  and  from  residents  of  Delhi,  India.  The 
lowest  levels  of  fluoride  other  than  in  teeth  from  Boston  were  observed  in  a 
group  of  Indians  living  in  the  Canadian  Aictic  in  close  proximity  to  trading 
posts  or  in  other  settlements  and  in  residents  in  Dibrugarh,  India. 

These  data  suggest  that  relatively  wide  areas  of  the  world  where  low  dental 
caries  susceptibility  prevails  may  provide  circumstances  whereby  high  levels 
of  fluoride  may  be  available  during  the  formation  of  the  teeth. 

We  are  indebted  to  Dr.  Walter  C.  Guralnick,  Boston,  Mass. ;  Dr.  U.  S.  Malliek,  Calcutta 
Dental  College,  Calcutta,  India;  Dr.  T.  N.  Chawla,  Lucknow  Dental  College,  Lucknow,  India; 
Dr.  C.  Vilasiny,  Medical  College,  Dibrugarh,  India;  Dr.  P.  C.  Jayna,  Chandi  Chowk,  Delhi, 
India;  Dr.  S.  S.  Khera,  Sir  C.  E.  M.  Dental  College,  Bombay,  India;  Dr.  A.  E.  Schaefer, 
Interdepartmental  Committee  on  Nutrition  for  National  Defense,  Department  of  Health, 
Education  and  Welfare,  Bethesda,  Md.;  Dr.  Om  P.  Gupta,  New  York  University  College  of 
Dentistry,  New  York,  N.  Y. ;  Dr.  C.  H.  Carley,  Charles  Camsell  Hospital,  Edmonton,  Alberta, 
Canada;  and  Dr.  J.  H.  Wiebe,  Indian  and  Northern  Health  Services,  Department  of 
National  Health  and  Welfare,  Ottawa,  Ontario,  Canada,  for  willingness  to  colle<-t  i>ersonalIy 
or  make  arrangements  for  their  staff  personnel  to  collect  the  teeth  used  in  these  studies 
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VARIABILITY  OK  TOOTH  FORMATION 
STANLEY  M.  GARN,  ARTHUR  B.  LEWIS,  AND  DEMAREST  L.  POLACHECK 
Pels  Research  Institute,  Antioch  College,  Yellow  Springs,  Ohio 

INTRODUCTION 

Data  on  the  variability  of  tooth  formation  are  of  potential  use  in  a  wide 
variety  of  applications.  With  juvenile  fossil  “ancestors”  of  man,  teeth 
alone  may  have  to  serve  as  indicators  of  age.’  The  identification  of  skeletal 
remains,  cadavers,  or  amnesia  victims  may  be  speeded  by  good  age-estimates 
utilizing  the  tceth.^  Where  endoerinopathy  is  known  or  suspected,  comparison 
of  the  dental  status  of  individuals  with  appropriate  norms  may  be  of  potential 
diagnostic  value,  and  may  help  to  elucidate  the  effects  of  endocrine  secretions 
on  tooth  development.®’  *’  ®  It  is  useful,  therefore,  to  have  adequate  informa¬ 
tion  on  the  ‘  ‘  normal  range  ’  ’  of  variability  of  tooth  formation,  using  either  the 
±2  a  limits  currently  accepted*  or  other  limits,  precisely  defined. 

The  literature  prior  to  1930  provides  little  assistance  in  this  task.  Al¬ 
though  there  is  no  lack  of  tables,  the  accuracy  of  the  early  estimates  is  open 
to  question,  and  ranges  of  variability  are  almost  totally  lacking.  The  tables  of 
Pierce,’  Black,®  and  Legros  and  Magitot®’  simply  do  not  agree  with  clinical 
experience.  The  atlas  of  Remington,  and  the  trilingual  photographic  atlas  of 
Witzcl”  are  beautifully  printed,  but  inadequate,  as  is  the  tabulation  reprinted 
by  Churchill  in  1933.’® 

Most  contemporary  references  to  tooth  formation  and  the  variability  of 
tooth  formation  are  derived  from  the  studies  of  Logan  and  Kronfeld,’®  and  the 
table  published  by  Kronfeld  in  1935.”  Arey’s  table,  as  printed  in  Develop¬ 
mental  Anatomy  (ed.  6,  1957’*)  is  clearly  modified  from  Kronfeld ’s  although 
not  so  designated.  Wilkins  attributes  his  Table  VI  (Ref.  16,  p.  38)  to  Holt  and 
McIntosh,”  and  they  (via  Schour  and  Massler’®)  to  Kronfeld.’*  The  “norms” 
for  tooth  formation  in  The  Handbook  of  Biological  Data^  are  evidently  derived 
from  Kronfeld’*  through  Schour  and  Mas.sler.  Thus,  any  worker  who  wishes 
information  on  the  variability  of  tooth  formation  knowingly  or  unknowingly 
makes  use  of  the  Logan-Kronfeld  data  and  the  Kronfeld  values. 

However,  in  the  course  of  our  longitudinal  investigations  on  the  develop¬ 
ment  of  the  secondary  dentition,  we  encountered  increasing  evidence  that  the 
Logan-Kronfeld  ranges  were  unduly  narrow.  Many  children  in  our  series 
fell  outside  of  the  published  ranges,  occasionally  by  as  much  as  3  to  4  years. 
Accordingly,  we  prepared  new  estimates  of  variability,  for  3  stages  of  5  pos¬ 
terior  teeth,  and  found  a  much  larger  range  of  variability  than  had  been 
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claimed  hitherto.  Yet,  the  new,  larger  estimates  of  varialnlity  were  not  larger 
than  estimates  of  variability  for  other  age-comparable  developmental  phe¬ 
nomena. 

The  present  pai)er,  then,  is  directed  to  two  ends.  First,  it  is  our  purpose 
to  provide  new  and  improved  estimates  of  variability  for  3  stages  of  formation 
of  the  mandibular  premolar  and  molar  teeth.  Second,  it  is  our  intention  to 
contrast  the  variability  of  formation  of  these  teeth  with  other  measures  of 
osseous  and  sexual  development,  using,  for  the  most  part,  data  derived  from 
the  same  population  sample  for  strictest  comparability. 


AGE  IN  YEARS 


FiB-  1. — Cumulative  percentile  distribution  for  crown  completion,  root  formation  of  Pj 
showing:  iocation  of  5th,  15th,  and  50th  percentiles  by  interpolation.  Although  Interpolations 
made  by  five  different  observers  agree  to  within  ±  0.03  years,  the  flnai  values  used  In  this 
study  are  rounded  off  to  the  nearest  0.1  years  (see  Table  I). 

METHODS  AND  M.4TERIALS 

The  present  study  is  based  upon  serial  longitudinal  oblique-jaw  x-rays, 
supplemented  by  serial  lateral-skull  plates  of  25,')  white  Ohio-born  children  of 
Northwe.st  European  ancestry.  As  a  group,  the  boys  and  girls  were  clinically 
healthy,  primarily  of  the  middle  socioeconomic  class,  and  relatively  free  from 
excessive  decay  and  premature  loss  of  dm,,  dnia,  and  M,.  Multijile  births  and 
children  with  growth  failures  or  developmental  defects  were  excluded  from 
the  tabulations. 


Volume  38 
Number  I 


VARIABILITY  OF  TOOTH  FORMATION 


137 


Three  widely-spaced  staK^s  of  tooth  formation,  as  discernible  in  the  radio- 
{jraphs,  were  selected  to  correspond  as  nearly  as  i)ossible  with  the  “stages” 
given  in  the  literature.  The  stages  employed  and  i)reviously  described  by  us 
include  (a)  beginning  calcification,*  (b)  beginning  root  formation,  and  (c) 
apical  closure,*"’ ""  as  shown  in  Figs.  2-4. 


Fig-.  2. — Extremes  in  beginning  calciflcation  of  the  mandibular  premolar  and  molar  teeth. 
Above,  early  beginning  calciflcation  of  Pi  at  2.5  years  (Case  No.  416).  late  beginning  calciflca¬ 
tion  of  Pi  at  7.5  years  (Case  No.  333).  Middle,  extremes  in  beginning  calciflcation  of  Mi 
(Cases  223  and  371).  Below,  fairly  early  beginning  calciflcation  of  Mi  (Case  No.  299).  and 
late  beginning  calciflcation  of  Mi  in  Case  No.  67,  as  shown  at  12.0  and  14.5  years. 


In  making  the  statistical  analyses,  the  possibility  of  secular  changes  was 
ruled  out.*®  Since  skewness  could  not  be  excluded  in  advance,  the  5th,  15th, 
50th,  85th,  and  95th  percentiles  were  determined,  usually  by  interpolation  from 
the  cumulative  frequency  curves  (Fig.  1).  The  quartiles  (Qi  and  Qa)  were 
also  determined,  in  order  to  make  use  of  the  semiquartile  test  of  skewness.®* 
In  addition,  the  standard  deviation  (a)  and  its  derivative,  the  coefficient  of 
variation  (CV)  were  computed  in  order  to  compare  the  relative  variabilities 
of  the  different  developmental  stages  of  the  5  mandibular  molar  and  premolar 
teeth. 

*Although  calciflcation  is  histologically  demonstrable  before  It  Is  evident  on  radiographs, 
no  attempt  was  made  in  the  present  study  to  adjust  the  radiographic  data  systematically, 
since  such  a  procedure  would  not  affect  the  ranges.  Moreover,  It  was  felt  that  data  on 
calcIflcaUon  as  seen  in  x-rays  would  be  more  useful  clinically  than  data  that  attempted  to 
simulate  histologic  findings. 
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Since  the  coefficient  of  variation  of  the  first  stapes  of  the  early-forming 
teeth  was  unrealistically  high,  due  to  the  fact  that  birth  is  ordinarily  assigned 
zero  time,  all  of  the  coefficients  of  variation  given  in  the  i)resent  study  were 
adjusted  to  conception.  A  preliminary  test  on  Mi  and  Pi,  using  individually- 
computed  gestation  lengths  for  90  to  100  individuals,  showed  that  a  group 
correction  of  0.75  years  yielded  essentially  similar  results.  Accordingly,  the 
group  correction  was  then  employed  throughout.* 


Fig-.  3. — Extremes  in  beginning  root  formation  for  Mi  (Cases  220,  age  3.0  years  ami  371, 
age  5.5  years),  and  M:  (Cases  356,  age  7.0  years  and  280,  age  11.0  years).  These  extreme 
values  greatly  exceed  the  ranges  given  in  the  literature  (see  text). 

Due  to  the  fact  that  the  children  in  the  Fels  Longitudinal  Studies  are  part 
of  a  longitudinal  program  with  continuing  recruitment,^^  there  are  necessarily 
more  data  for  the  earlier  stages  of  the  earlier-forming  teeth  than  for  the  later 
stages  of  the  later-forming  teeth.  Again,  since  some  of  the  children  were  in 
the  latter  part  of  their  first  decade  at  the  time  the  present  radiograjihic  series 
was  begun  (1939),  not  all  of  the  data  refer  to  the  same  subsample.  There¬ 
fore,  the  number  of  children  involved  in  each  tabulation  is  shown  separately. 

Although  the  present  data  are  derived  from  a  clinically  healthy  and  fairly 
sizeable  sample  of  American-born  white  children,  the  tabulations  are  not  in¬ 
tended  to  serve  as  norms,  for  the  samples  are,  in  most  eases,  inadequate  for 
that  purpose.  We  trust  that  workers  who  refer  to  the  ])resent  findings  will 
bear  this  precautionary  statement  in  mind. 

•For  beginning  calciflcation  of  Pi.  the  combined-sex  indiviiiually  conception-corrected 
CV  was  11.63,  as  compared  to  a  CV  of  11.55,  using  the  group  correction.  For  Mi,  the  com¬ 
parable  values  were  4.83  and  5.10.  N  was  99  and  98,  respectively. 
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FINDINGS 

To  begin  with,  percentiles  were  computed  for  each  of  the  3  developmental 
stages  (beginning  calcification,  beginning  root  formation,  and  apical  closure) 
of  the  5  mandibular  teeth  considered,  and  for  boys  and  girls,  respectively. 


Fig.  4. — Examples  of  early  and  late  apical  closure:  Mi  8.5-12.0  years  (Cases  220F  and 
190M)  ;  Pi,  11.5-15.0  years  (Cases  87M  and  207M)  ;  and  P>,  13.0-16.0  years  (Cases  263F  and 
207M).  Examples  given  for  Ms  include  Cases  240M  (13.0  years)  and  157M  (17.5  years). 


Although  skewness  was  minimal  for  most  of  the  28  sex-specific  distributions, 
as  measured  by  the  semiquartile  test  of  skewness,*®  moderate  to  high  degrees 
of  skewness  were  observed  for  a  few  distributions.  Accordingly,  the  assump¬ 
tion  of  normality  of  distribution  was  not  made,  and  values  corresponding  to 
the  5th,  15th,  50th,  85th,  and  95th  percentiles  are  provided  in  the  tabulations 
(Table  I).  For  practical  purposes,  the  15th-85th  percentile  values  given  here 
may  be  taken  as  equivalent  to  the  ±1  a  limits. 
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As  might  be  expected,  variability  of  tooth  formation  increased  steadily 
with  advancing  median  age.  Thus,  the  early  developmental  stages  of  early- 
forming  teeth  were  notably  less  variable  than  the  later  developmental  stages 
of  the  later-forming  teeth.  Over-all,  the  correlation  between  one  measure  of 
variability  (the  15th-85th  percentile  range)  and  the  median  age-for-stage  was 
nearly  perfect,  with  an  obtained  r  of  0.96.  The  statement  that  variability  (15th- 
85th  percentiles)  approximates  28  per  cent  of  the  median  age  for  any  stage  of 
any  tooth  adequately  fits  the  data.  By  this  token,  the  percentagewise  variability 
of  Ms,  for  example,  is  of  the  same  order  of  magnitude  as  that  for  the  other  teeth. 

Although  the  median  age  for  a  given  developmental  stage  of  a  particular 
tooth  proved  slightly  higher  in  the  boys,  as  previously  noted,*®  there  was  no 
consistent  sex  difference  in  variability,  as  may  be  seen  in  Table  T.  Variability 
in  the  male  exceeded  that  in  the  female  as  often  as  the  reverse  was  true.  Thus, 
by  this  simple  sign  test,  as  by  the  more  exact  F  test,*®  it  could  not  be  stated 
that  one  sex  was  more  variable  than  the  other,  in  the  formation  of  the  teeth 
here  considered. 

Throughout,  combined-sex  values  for  tooth  formation  were  obtained  by  pool¬ 
ing  all  data,  regardless  of  sex  (not  by  averaging  male  and  female  percentiles). 
l’roi)erly,  such  combined-sex  distributions  ought  not  to  be  effected,  since  there 
is  a  true  sex  difference  in  the  times  of  beginning  calcification,  beginning  root 
formation,  and  apical  closure.  However,  such  combined-sex  distributions  were 
necessitated  by  the  fact  that  all  previously  published  “normative”  values  were 
not  sex-si)ecific,  and  one  purpose  of  the  present  investigation  was  to  make  com- 
l)arisons  with  previous  tabulations.  Further,  the  combined-sex  percentiles 
given  in  Table  I  have  the  advantage  of  being  based  on  the  largest  possible 
sample,  150-200  eases  in  8  of  the  14  relevant  individual  distributions. 

Using  the  combined-sex  values,  as  given  in  Table  I,  it  was  then  ])ossible 
to  make  comparisons  with  previously  published  data.  Two  difficulties  were 
immediately  encountered.  Except  for  one  secondary  reference.  The  Handbook 
of  Biological  Data,^  which  specified  the  ±2  a  limits,  none  of  the  authors  ex¬ 
plicitly  defined  the  “ranges”  as  given  by  them.  Again,  there  was  confusion  in 
the  literature  as  to  the  source  of  the  data  given  in  the  various  tabulations.  We 
have,  therefore,  adopted  the  conservative  plan  of  giving  our  5th-95th  percentile 
limits  for  comparison,  and  of  grouping  authorities  according  to  the  values  re¬ 
ported  by  them.  Thus,  Holt  and  McIntosh,**  and  Wilkins*®  are  listed  with 
Kronfeld,**  since  the  values  given  by  all  three  authors  are  identical.  Arey*® 
is  grouped  with  Schour  and  Massler*®  (who  combined  maxillary  and  mandibular 
ranges),  while  Spector’s  data  in  the  Handbook  of  Biological  Data^  are  presented 
separately. 

As  is  immediately  apparent  in  Table  II,  where  data  on  the  variability  of 
tooth  formation  are  compared,  the  ranges  obtained  in  the  present  study  of 
dental  development  greatly  exceed  those  in  the  literature.  Although  the  true 
“range”  should,  of  necessity,  exceed  our  5th-95th  percentile  values,  the 
“ranges”  given  by  Kronfeld,  Holt  and  McIntosh,  Wilkins,  Schour  and  Mass- 
ler,  Arey,  and  Spector  fall  quite  short  of  ours,  usually  by  a  year,  and  often 
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more.  For  l)eg:iiininp:  calcification  of  Pj,  beginning  calcification  of  Mi,  and 
beginning  root  formation  of  P2,  the  discrepancy  approximates  or  exceeds  two 
years.  Moreover,  the  previous  ranges  of  variability  for  apical  closure  (root 
completion)  are  both  narrower  than  ours,  and  inexplicably  uniform  from 
Pi — M2,  whereas  ours  increase  progressively  from  Mi — M3,  in  accordance  with 
the  general  picture  of  increasing  variability. 


Table  II 

Variability  of  P, — M,  as  Given  by  Variocs  Aithors 


MANDlBV- 

T.AR  TOOTH 

LOOAN  AND 
KRONFELD' 3 

KRONFELD,"  I 
HOLT  AND 

MC  INTOSH,17 
W'lLKINS'e 

SCHOUR  AND 
MASSLER,'8 
AREY'S 

SPECTOR'i  ! 

THIS  STUDY 
(PERCENTILES 
5th -95th) 

Beginning  Calcification*  (Tears) 

P. 

1.50-2.00 

1.75-  2.00 

1.50-  2.00 

1.75 

1.6-  .3.0 

P* 

2.00  -  2.50 

2.25-  2.50 

2.00-  2.50 

2.50t 

2.7-  4.7 

M, 

0.08  -  0.33 

Birth 

Birth 

Birth 

0.04-  0.24 

M, 

2.00  -  2.50 

2.50-  3.00 

2.50-  3.00 

2.75 

2.8-  4.8 

M, 

7.00  -  9.00 

8.00  - 10.00 

7.00  - 10.00 

7,00  - 10.00 

7.5  - 10.9 

Crown  Completion — Root  Formation^ 

(Years) 

P. 

5.00-  6.00 

5.00-  6.00 

_ 

6.0-  8.1 

P* 

_ 

6.00-  7.00 

6.00-  7.00 

6.7-  9.3 

M, 

_ 

2.50-  .3.00 

2.50-  .3.00 

.3.1-  4.9 

M, 

_ 

7.00-  8.00 

7.00-  8.00 

---- 

7.3  - 10.2 

M, 

— 

12.00  - 16.00 

12.00  -  16.00 

— 

12.0  - 17.1 

Root  Completion — Apical  Closure^  1 

(Years) 

P, 

_ 

12.00-1.3.00 

12.00-13.00 

12.00-1.3.00 

11.2-14.0 

P. 

.... 

1.3.00  - 14.00 

12.00-14.00 

12.00  - 14.00 

12.1-15.4 

M, 

_ 

9.00  - 10.00 

9.00  -  10.00 

9.00-10.00 

8.8-11.6 

M, 

_ 

14.00-15.00 

14.00-16.00 

14.00  - 16.00 

12.8-17.6 

M, 

_ 

18.00-25.00 

18.00  -  25.00 

18.00  -  25.00 

Under  18  to 

over  26 

•Defined  as  "time  of  begrinning  calcification,””  “hard  tissue  formation,””  “first  evidence 
of  calcification,””’  ”  “apposition  of  enamel  and  dentin,””  “calcification  of  crown  begins.”” 

tProbably  an  averaging  error. 

{Designated  “enamel  completed”  by  Kronfeld,”  “crown  completed”  by  remaining  authors. 

§“Root  completed,”  ”•  “calcification  of  root  ends.”” 

The  difference  between  the  ranges  given  here  and  tho.se  in  the  literature, 
quite  apparent  in  Table  II,  is  much  more  dramatic  when  graphed,  as  in  Fig.  5. 
Using  the  Kronfeld  table  for  comjiari.son  (since  mandibular  teeth  are  not  com¬ 
bined  with  maxillary  teeth,  as  in  Schour  and  Mas.sler’*’  and  Arey‘®),  the  ranges 
of  variability  as  given  in  the  literature  are  approximately  one  third  as  great 
as  ours.  This  generalization  holds  true  not  only  for  beginning  calcification, 
where  differences  in  the  investigative  criteria  may  be  at  least  partially  re¬ 
sponsible,  but  also  for  apical  closure. 

In  short,  the  data  from  the  present  study,  based  on  255  children,  and  with 
30-190  examples  of  a  given  stage  for  a  jiarticular  tooth,  .suggest  that  the  true 
variability  of  tooth  formation  is  approximately  3  times  as  great  as  has  been 
accepted  so  far. 

Finally,  since  tooth  formation  appeared  to  be  at  least  3  times  as  variable 
as  had  been  claimed  hitherto,  it  seemed  pertinent  to  compare  the  variability  of 
tooth  formation  with  that  of  other  commonly  measured  developmental  phe¬ 
nomena.  Accordingly,  the  data  from  Table  I  were  compared  with  data  on 
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7  ag:e-a8sociated  phenomena,  selecting;  a  variety  of  criteria  that  would  cover 
the  rather  wide  ag;e-rang:e  involved.  These  develoi)mental  variables  included 
(a)  einption  of  the  deciduous-*^  and  permanent  teeth, (b)  time  of  appearance 
of  the  first  61  centers  of  ossification,***  (c)  “wrist  age,”*^  (d)  age  at  menarche, 
(e)  age  at  beginning  breast  development,^*  (f)  age  at  beginning  of  pubic  hair 
development,'^*’  and  (g)  age  at  beginning  of  enlargement  of  the  genitalia.**** 
Except  for  permanent  tooth  eruption,  based  on  Hurme’s  norms,***  and  wrist 
age  (Greulich  and  Pyle**^),  all  data  on  variability  were  derived  from  and  there¬ 
fore  unicpiely  applicable  to  the  present  population  sample. 


Beginning  Calcification  Root  Completion  Apical  Closure 


Kig.  5. — Comparison  of  the  "ranges”  for  several  stages  of  formation  of  Pi — Ma.  as  given 
by  Kronfehi  (stippled  bars)  and  as  determined  in  the  present  study  (solid  bars).  Clearly 
the  variability  of  these  teeth  has  been  considerably  underestimated  hitherto. 

However,  two  statistical  problems  had  to  be  met.  The  first  was  the  need 
for  a  mea.sure  of  relative  variability,  since  developmental  phenomena  covering 
an  18-year  range  had  to  be  compared.  Despite  our  initial  reluctance  to  do  so, 
because  of  the  .skewness  of  some  tooth-formation  curves,  the  familiar  coefficient 
of  variation  (CV)  was  finally  adopted  as  a  practical  necessity.  Again,  there 
was  need  to  correct  all  values  to  conception,  rather  than  to  birth,  since  this 
latter  procedure  resulted  in  spuriously  high  values  of  the  coefficient  of  varia¬ 
tion  for  .such  early  ])henomena  as  beginning  formation  of  Mi  and  Pi,  time  of 
appearance  of  the  distal  epiphysis  of  the  radius,  etc.  Accordingly,  and  as 
described  in  the  previous  section,  a  group  correction  of  0.75  years  was  added  to 
all  values,  since  it  had  been  demonstrated  that  individual  corrections  for  length 
of  gestation  did  not  yield  appreciably  different  results. 

In  essence,  tooth  formation  proved  no  more  variable,  and  often  less  vari¬ 
able,  than  the  other  age-correlated  developmental  variables.  For  beginning 
calcification  of  Pi — Mg,  the  combined-sex  conception-corrected  FV  ranged  from 
5.1  to  13.9,  with  a  mean  (for  5  teeth)  of  11.1.  In  contrast,  the  comparable 
mean  concei)tion-eorrected  combined-sex  CV  for  the  first  61  ossification  centers 
exceeded  19,  that  for  8  selected  centers  of  ossification  (in  boys)  exceeded  19, 
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and  the  approximate  conception-corrected  combined-sex  CV  for  wrist  age 
(Greulich  and  Pyle*^)  during  the  first  8  years  of  life  was  15.  Tooth  formation 
(mean  CV  of  11)  and  deciduous  tooth  eruption  (mean  CV  approximately  15) 
both  proved  less  variable  than  osseoiLs  development. 

With  beginning  root  formation,  the  mean  conception-corrected  combined- 
sex  coefficient  of  variation  was  9.2  (range  7.3  to  10.6)  for  5  teeth,  a  value 
obviously  below  that  for  skeletal  ago,  but  comparable  to  the  combined-sex  and 
to  the  sex-specific  CV  of  12  as  computed  from  Hurme’s  norms,  again  demon¬ 
strating  that  the  variability  of  tooth  formation  is  by  no  means  greater  than 
that  of  other  developmental  “events.”  Moreover,  it  .suggested  that  the  teeth 
are  i)ossibly  less  variable  in  all  developmental  stages  through  to  eruption. 

With  apical  closure,  the  mean  conception-corrected  combined-sex  CV  was 
7.2.  Here,  however,  sex-specific  values  were  of  more  use,  since  the  various 
criteria  selected  for  comparison  (menarche,  breast  development,  etc.)  did  not 
allow  meaningful  combined-sex  values.  Taking  a  mean  sex-specific  coefficient 
of  variation  of  7  for  apical  closure,  comparative  estimates  of  variability  w'cre 
9.4  (pubic  hair  stage  I,  girls;  pubic  hair  stage  11,  boys),  8.5  (menarche),  7.4 
(genitalia  stage  II,  boys),  and  9.9  (beginning  breast  formation,  girls).  Thus, 
the  variability  of  the  final  stage  of  tooth  formation,  namely,  apical  closure, 
was  of  the  same  order  of  magnitude  as  the  variability  of  other  developmental 
phenomena  also  oceuiTing  on  the  average  between  the  tenth  and  the  fourteenth 
year. 

In  summary,  tooth  formation  proved  to  be  no  more  variable  than  other 
developmental  phenomena,  and,  in  comparison  to  osseous  maturation,  it  was 
less.  The  rather  close  similarity  between  the  variabilities  for  apical  closure 
Pi — Ma,  and  sexual  maturation,  may  pos.sibly  be  due  to  a  communality  of  re¬ 
sponses  to  the  particular  steroid  hormones  involved.  Even  more  important, 
they  indicate  that  the  present  estimates  of  variability  of  tooth  formation  are 
reasonable. 

DISCUS.SION' 

It  is  evident  from  the  present  data  that  tooth  formation  is  a  more  variable 
developmental  phenomenon  than  has  been  realized  to  date.  Using  a  sizeable 
sample  of  clinically  healthy  white  children,  and  up  to  196  examples  of  a  par¬ 
ticular  formation  stage  for  a  given  tooth,  the  5th  to  95th  percentile  ranges  for 
the  posterior  mandibular  teeth  are,  on  the  average,  3  times  as  great  as  the 
“ranges”  given  in  the  literature.  Jlxprcssing  relative  variability  by  the  co¬ 
efficient  of  variation  (CV),  the  conception-corrected  combined-sex  CV  aver¬ 
ages  11  per  cent  for  beginning  calcification,  9  per  cent  for  beginning  root 
formation,  and  7  per  cent  for  apical  closure.  In  all  probability  the  anteiior 
teeth  and  the  maxillary  dentition  would  similarly  prove  more  variable  than 
the  customary  tables  have  led  us  to  assume. 

Notwithstanding  the  greater  variability  exhibited  in  the  present  data, 
tooth  formation  is  not  more  variable,  and  often  less  variable  th^  other  de¬ 
velopmental  measures.  As  compared  to  an  average  conceptiorf^corrected  co¬ 
efficient  of  variation  of  11  for  beginning  calcification  of  Pi — M3,  the  mean  CV 
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for  “skeletal  age”*^  is  19,  that  for  the  time  of  appearance  of  61  indiridual  ossifi¬ 
cation  centers^®  is  20.  Similarly,  while  the  mean  conception-corrected  CV  for 
apical  closure  of  Pi — M2  is  7,  the  comparable  mean  CV  for  4  measures  of  sexual 
maturation^®’  is  8.3.  On  a  uniform  basis,  using  only  maturational  data  derived 
from  the  present  population  sample,  tooth  formation  would  appear  to  be  ap¬ 
proximately  half  as  variable  as  other  developmental  phenomena.  In  conse¬ 
quence,  tooth  formation  may  be  valuable  in  providing  age-estimates  for  skele- 
talized  material  and  unknown  cadavers  ranging  from  infancy  to  adolescence. 

Although,  it  is  commonly  assumed  that  such  phenomena  as  tooth  eruption 
stages  are  symmetrical  and  normal  in  distribution,  this  a.ssumption  docs  not  hold 
for  many  of  the  stages.  While  it  is  jmssible  that  some  of  the  skewness  in  the 
present  data  is  due  to  sampling  error  and  to  the  class-intervals  neces.sarily 
used,  the  fact  remains  that  the  standard  deviation  (a)  would  seriously  over- 
e.stimatc  the  lower  percentile  values  for  beginning  formation  of  Po.  For  the 
juesent,  therefore,  it  is  i)nident  to  give  percentiles  rather  than  means  and 
standard  deviations  for  tooth  formation. 

Inevitably,  there  is  reason  to  wonder  why  the  present  ranges  so  greatly 
exceed  those  i)ublishcd  and  widely  reprinted  by  KronfekP*  and  Logan  and 
Kronfeld.*®  It  is  true,  of  eoui’se,  that  “normative”  values  are  frequently 
amended  as  more  data  accumulates;  norms  for  tooth  eruption  are  a  striking 
case  in  point.  Rarely,  however,  is  it  necessary  to  alter  ranges  by  a  factor  of 
two  or  three.  After  critical  analysis  of  the  original  publications,  .several  pos¬ 
sible  explanations  suggest  themselves  and  merit  consideration  here. 

It  is  possible  that  data  derived  from  histologic  sections  are  not  at  all  com¬ 
parable  to  roentgenographic  findings,  unless  silver  staining  is  used.®'*  This 
objection  would  be  most  applicable  to  beginning  calcification,  and  least  ap¬ 
plicable  to  apical  completion.  Nevertheless,  the  discrepancies  apply  equally 
to  beginning  calcification,  beginning  root  formation,  and  to  apical  closure,  the 
last  presumably  derived  from  roentgenograms  throughout.  Moreover,  it  is 
ranges,  and  not  mean  or  median  values,  that  are  under  comparison  (vide  supra). 

Again,  it  is  possible  that  the  “ranges”  are  differently  defined.  Neither 
Logan  and  Kronfeld,*®  nor  Kronfeld’*  are  explicit  on  this  matter,  merely  sug¬ 
gesting  (at  one  point)  that  their  values  are  “relative.”  But  if  their  ranges 
truly  cover  the  “extreme  range,”  our  5th-95th  percentile  ranges  should  fall 
far  short  of  theirs.  The  converse  is  the  case,  however,  as  seen  in  Fig.  5,  and 
especially  in  Figs.  2  to  4. 

Third,  it  is  possible  that  the  unique  sample  inve.stigated  by  Logan  and 
Kronfcld  is  responsible  for  the  discrepancies.  “In  most  of  the  cases  studied,” 
they  write,  “the  child  died  of  tuberculosis  or  associated  disease.  .  .  .  Some  died 
of  severe  intestinal  disturbances.  .  .  .  Several  of  the  young  children  .  .  .  ap¬ 
parently  died  of  debility.”^®  At  least  20  per  cent  of  the  Logan  and  Kronfcld 
sample  were  developmentally  defective.  Such  a  sample  might  be  characterized 
by  reduced  variability  of  tooth  formation,  although  our  own  studies  fail  to 
support  this  idea. 

To  our  minds,  the  most  plausible  explanation  may  be  found  in  the  ex¬ 
tremely  small  sample  investigated  by  Logan  and  Kronfcld.  Their  original 
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sample  was  25,  with  only  9  infants  over  one  year  of  age,  and  half  less  than  3 
months  old  at  the  time  of  death.  Comparing  Table  I  in  Logan  and  Kronfeld 
with  their  ranges,  many  of  the  stages  of  tooth  formation  could  not  have  been 
based  on  more  than  2  specimens !  Now,  it  is  a  cardinal  principle  that  the  ex¬ 
treme  range  is  a  function  of  sample  size.®*  Such  samples  as  were  originally 
studied  could  hardly  indicate  the  true  extent  of  variability.  Our  samples  are, 
in  all  probability,  from  10  to  100  times  as  large  as  those  originally  responsible 
for  the  “ranges”  for  particular  formation  stages  of  individual  teeth. 

It  is  not  our  intention  to  slight  the  work  of  Logan  and  Kronfeld,  which 
has  not  been  surpassed.  The  original  Logan-Kronfeld  data  were  supplied  to 
guide  oral  surgeons  in  the  management  of  cleft-palate  cases:  these  original  in¬ 
vestigators  did  not  claim  to  provide  “norms,”  in  the  usual  sense.  They  stres.sed 
the  relative  nature  of  the  values  given,  and  the  possible  effects  of  growth,  nutri¬ 
tion,  etc.  (Ref.  13,  p.  380).  Later  authors  have  seized  on  the  Logan-Kronfeld 
values  rather  uncritically,  often  without  even  adequate  bibliographic  mention, 
and  without  observing  that  histologically-determined  values  might  not  be  ap¬ 
plicable  in  routine  pediatric  examinations.  What  was  originally  advanced, 
quite  tentatively,  as  new  data  pro])erly  contradicting  the  old  tables  of  Pierce^ 
and  Black^  became  established  by  successive  authors  as  authoritative  norma¬ 
tive  values. 

We  would  be  open  to  similar  criticism  if  we  w'cre  to  extoll  our  present 
values  as  “norms.”  Although  the  ixqnilation  sampled  is  a  healthy  one,  and 
the  sample  size  fair  for  some  stages  of  some  of  the  teeth,  not  all  of  the  per¬ 
centiles  are  based  on  150  individuals  or  more.  Our  combined-sex  values  are, 
in  some  eases,  derived  from  but  :i2-87  cases,  and  sex-specific  values  are,  in  some 
instances,  necessarily  based  on  as  few'  as  14  examples.  The  samjde,  thus,  falls 
short  of  the  minimum  100  cases  for  each  .sex  for  each  stage  of  eaeh  tooth  that, 
ideally,  would  be  needed.  Nevertheless,  the  present  sample  is  (piite  adequate 
to  support  the  generalizations  given  above. 

SUMMARY 

1.  Variability  in  the  age  of  occurrence  of  3  stages  of  tooth  formation  was 
investigated  on  serial  oblique-,iaw'  roentgenograms  of  255  Ohio-born  white 
children. 

2.  For  the  mandibular  molar  and  premolar  teeth,  variability  of  tooth  for¬ 
mation  was  almo.st  perfectly  correlated  with  the  median  age-for-stage  (r  = 
0.96).  Although  later- forming  teeth  were  more  variable  than  earlier- forming 
teeth,  relative  or  percentage  variability  was  nearly  constant  throughout, 

3.  Boys  and  girls  proved  to  be  approximately  equal  in  the  variability  of 
the  3  formation  stages  of  the  5  mandibular  teeth  considered. 

4.  Comparing  the  5th-95th  percentile  ranges  from  the  present  study  to 
the  “ranges”  cited  by  most  authorities,  the  ranges  obtained  here  were  3  times 
as  great  as  those  ordinarily  quoted. 

5.  Differences  between  the  present  findings  and  the  “ranges”  commonly 
given  Avere  attributed  to  the  extremely  small  sam])les  jireviously  studied.  In 
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many  cases  published  “ranges"  had  been  based  on  no  more  than  two  speci¬ 
mens  of  unstated  sex  and  of  questionable  developmental  normality  at  the  time 
of  death. 

6.  When  the  present  data  on  tooth  formation  were  compared  with  data 
on  other  developmental  measures,  relative  variability  proved  to  be  of  the 
.same  order  of  magnitude  as  tooth  eruption,  sexual  maturation,  etc.,  but  some¬ 
what  less  than  that  for  osseous  development. 

7.  These  findings  indicated  the  need  for  more  adequate  data  on  the  varia¬ 
bility  of  tooth  formation,  ideally  based  on  samples  of  not  less  than  100  boys 
and  girls  for  each  developmental  stage  of  each  tooth,  respectively. 

The  authors  are  indebted  to  the  following  individuals  for  technical  assistance  in  the 
data  collection  and  analysis:  Eloise  Barter,  Ruth  Bean,  Lois  Conklin,  Joan  Haskell,  Lina 
I^ndkof,  and  Christal)el  Hohmaiin.  Data  on  gestation  lengths  were  calculated  by  Julia  H. 
Cowan.  Profes.sor  Jo.seph  Homan  provideil  the  positive  reproductions  used  in  Figs.  2  to  4. 

Finally,  we  are  indebted  to  our  colleague,  Kalevi  Koski,  for  careful  and  assiduous 
analysis  of  over  3,000  individual  x-rays,  and  to  Dr.  C.  C.  Li  for  helpful  advice. 
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ANALYSIS  OF  AN  ANOMALOUS  OCULODPLNTOFACIAL  PATTERN  IN 
NEWBORN  RATS  PRODUCED  BY  MATERNAL  HYPERVITAMINOSIS  A 

FREDERICK  M.  DEtJSCHLE,  JEAN  F.  GEIGER,  AND  JOSEF  \V  ARK  ANY 

Departments  of  Anatomy  and  Pediatrics,  and  the  ChUdrtn’s  Hospital,  Kestarch  Foundation, 
College  of  Medicme,  University  of  Cincinnati,  Cincinnati,  Ohio 

INTRODUCTION 

The  influence  of  prenatal  factors  upon  the  dentofacial  complex  has  been 
studied  in  many  animal  experiments.  Geneticists  observed  various  devia¬ 
tions  from  the  normal  in  inbred  strains  of  mice^  and  adverse  prenatal  environ¬ 
mental  influences  also  were  shown  effective  in  the  production  of  dentofacial 
anomalies.  We  described  previously  a  syndrome  of  skeletal  and  dental  mal¬ 
formations  attributable  to  maternal  riboflavin  deficiency.^'  ®  Recently,  we  en¬ 
countered  a  different  pattern  of  anomalies  in  the  offspriii"  of  female  rats  fed 
excessive  do.ses  of  vitamin  A  in  early  pregnancy.  Cohlan,^  in  1954,  produced 
in  rat  fetu-ses  gross  developmental  malformations  of  the  head  such  as  exen- 
cephaly,  cleft  palate,  shortening  of  the  mandible  and  maxilla,  hydrocephaly 
and  others  by  administration  to  their  mothers  of  from  25,000  to  75,000  I.U.  of 
vitamin  A  on  the  seventh  to  tenth  day  of  gestation.  Among  the  deformed 
young,  specimens  with  large  open  eyes  were  obser\’ed,  an  anomaly  not  previ¬ 
ously  recorded.  (Jiroud  and  Martinet®  repeated  and  extended  these  experi¬ 
ments  with  similar  re.sults.  In  our  laboratorj'  the  effectiveness  of  this  terato¬ 
genic  method  was  also  confirmed. 

Fig.  1  show's  the  external  appearance  of  a  normal  newborn  rat  (A)  which 
can  be  compared  with  a  young  produced  by  riboflavin  deficiency  (li),  and  one 
with  hypervitaminosis  A  (C).  Specimen  B  is  characterized  by  marked  shorten¬ 
ing  of  the  mandible,  protruding  tongue,  and  pointed  snout.  Specimen  C  shows 
a  striking  exophthalmia  of  an  “open  eye,”  .shortening  of  both  the  mandible  and 
maxilla  re.sulting  in  protrusion  of  the  tongue. 

At  first,  it  was  thought  that  specimens  w'ith  protruding  eyes  had  es.sentially 
ocular  anomalies,  but  histologic  sections  revealed  that  the  eyes,  although  large 
and  lidless,  were  almast  normal  in  structure.  However,  there  were  skeletal 
anomalies  of  the  face  which  we  hold  responsible  for  the  protrusion  of  the  eyeball. 
It  is  the  purpose  of  this  publication  to  describe  the  dentofacial  malformations 
associated  with  these  open  and  protruding  eyes. 

This  study  was  supported  in  part  by  grants  of  the  National  Institute  of  -Vrthritis  and 
Metabolic  Diseases  (Grant  A-427),  of  the  National  Institutes  of  Heaith,  Public  Health  Service, 
and  the  National  Vitamin  Foundation,  Inc.,  N.  Y. 

Delivered  before  the  36th  Annual  Meeting  of  the  International  .Vssociation  for  Dental 
Research  in  Detroit,  Mich.,  on  March  20,  1958. 

Receive<l  for  publication  July  21,  1958. 


149 


150 


DEUSCHLE,  GEIGER,  AND  WARKANY  J.  D.  Res. 

’  ’  Jan.— Feb.,  1959 


Fig.  1. — A,  Head  of  normal  newborn  rat.  B,  Head  of  newborn  rat,  offspring  of  ribo¬ 
flavin-deficient  mother,  showing  mandibular  retrognathia  with  protruding  tongue.  C,  Head  of 
newborn  rat.  offspring  of  mother  with  hypervitaminosis  A,  showing  open  exopthalmic  eye, 
shortening  of  upper  and  lower  Jaws,  and  protruding  tongue. 
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PROCEDURE  AND  OBSERVATIONS 

The  specimens  described  and  analyzed  in  this  study  were  obtained  by  single 
doses  of  vitamin  A  (75,000  to  150,000  I.U.)  administered  orally  to  pregnant  rats 
on  the  ninth  or  tenth  or  eleventh  day,  respectively.  Eight  specimens  with  large 
and  protruding  open  eyes  were  serially  sectioned.  The  dentofacial  anomalies 
of  the  sectioned  animals  varied;  they  were  analogous  in  some  features  but  not 
in  others.  Three  sectioned  specimens  were  chosen  as  examples  of  the  anomalies 
encountered  in  this  syndrome. 


Fig.  2. — Frontal  sections  through  region  of  the  interdental  diastema  at  the  level  of  the 
anterior  orbits.  A,  Normal  animal.  B,  In  abnormal  young,  produced  by  maternal  hyper- 
vitaminosis  A,  eyes  are  exophthalmic  and  overhang  the  side  of  the  head  at  this  level. 
Ob.serve:  abnormal  cartilage  (CART)  and  the  maxillomandibular  ankylosis  on  the  left  side. 

In  Fig.  2,  frontal  sections  of  a  normal  and  an  abnormal  newborn  rat  are 
compared.  In  this  figure,  sections  through  the  region  of  the  snout  are  repro¬ 
duced  which  correspond  to  each  other  as  much  as  possible.  In  the  control 
(Fig.  2,  A),  the  nasal  cavity  is  large  above  and  narrower  below.  The  naso- 
turbinal  is  present  and  separated  by  a  wide  meatus  from  the  maxilloturbinal 
which  is  attached  to  the  lateral  wall.  The  maxilla  sends  a  process  supero¬ 
lateral  which  ends  in  a  swelling,  the  zygomatic  process.  This  bony  ledge  forms 
the  inferior  wall  of  the  orbit  and  supports  the  structures  about  the  eyeball.  No 
cartilage  is  present  in  or  immediately  inferior  to  the  maxilla.  Below  the 
zygomatic  process  is  a  muscle  mass,  the  mas.seter.  The  orbit  is  covered  by  the 
lids  which  are  sealed  at  the  palpebral  fissure.  Above  the  nasal  cavity  are  the 
olfactory  lobes  of  the  brain  roofed  by  the  frontal  bones.  The  fioor  of  the  nose 
is  separated  from  the  mouth  by  a  membranous  structure  which  is  without  bone. 
The  section  passes  through  the  interdental  dia.stema  posterior  to  the  upper 
incisors.  The  lower  incisors  which  extend  further  posteriorly  than  the  upper 


are  seen. 


152 


DKrftCHI.?:,  GEIGKR,  AND  \V  ARK  ANY 


J.  D.  Rt«. 
Jan. — Keb.,  1959 


An  extreme  case  of  exophthalmos  associated  with  anomalies  of  the  maxilla 
is  rei)resented  by  Fig.  2,  B.  In  this  abnormal  animal,  the  lower  part  of  the  com¬ 
mon  nasal  meatus  is  wider  and  the  upper  part  narrower  than  in  the  control. 
The  nasoturhinal  and  the  maxilloturbinal  approach  each  other,  so  that  the 
intervening  meatus  is  almost  occluded.  The  maxilloturbinal  is  turned  up¬ 
ward.  The  maxilla  is  represented  by  a  medial  part,  the  palatine  process,  and  a 
lateral  part,  the  maxillary  body.  These  two  parts  are  separated  by  a  cartilage 
(Fig.  2,  B — ('art.)  which  is  absent  in  the  control.  The  osseous  i)rocess  which 
extends  superolateral  in  the  control,  forming  the  door  of  the  orbits,  is  absent  in 
the  experimental  animal  and  the  orbital  contents  arc  without  .suj^port  interiorly. 


Fig.  3. — Sections  through  the  region  of  the  first  molar  teeth.  A,  Normal  animal.  B,  Ab¬ 
normal  animal.  Note:  the  presence  of  only  one  molar  tooth,  abnormal  cartilage  (CART). 
cleft  palate,  canalized  polyp  under  the  left  palatine  shelf,  and  the  protruding  and  lidless  eyes. 

The  rudimentary  lateral  part  of  the  maxilla  is  connected  by  a  narrow  bony 
bridge  with  the  mandible,  re.sulting  in  ankylosis.  This  section,  like  that  in 
the  control,  passes  through  the  interdental  diastema.  In  the  left  lateral  recess 
of  the  oral  cavity,  a  pedunculated  polyp  can  be  seen.  The  parts  of  the  eyes 
seen  in  this  section  seem  to  be  separated  from  the  head.  This  effect  is  due  to 
the  forward  bulging  of  the  globe  which  is  not  connected  at  this  level  with  the 
head  proper. 

A  posterior  section  of  the  same  specimen  is  illustrated  in  Fig.  3,  B  w’hich, 
in  contrast  to  the  control  (Fig.  3,  ^4),  shows  the  palatine  processes  unfused, 
resulting  in  a  posterior  cleft  palate.  A  mass  of  heterotopic  maxillary  cartilage 
located  between  the  maxilla  and  mandible  is  well  developed.  In  contrast  to 
the  control,  the  alveolar  processes  and  the  first  molar  teeth  are  missing  in  the 
maxilla.  The  first  molar  is  also  aksent  in  the  left  mandible,  but,  in  the  right 
mandible,  a  molar  tooth  (the  only  molar  of  this  specimen)  can  be  seen.  An 
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Fig.  4. — Sections  through  the  level  of  the  optic  nerve.  A,  Control  animal.  Note  orbital 
floor  and  niasseter  muscle.  B,  Abnormal  animal.  Note:  defective  orbital  floor,  abnormal 
cartilage  (CART),  cleft  palate,  and  posterior  end  of  molar  tooth  and  lamina  In  the  right 
mandible. 


Fig.  3.  Fig.  6. 

Fig.  5. — .\bnormal  animal  produced  as  a  result  of  maternal  hypervitaminosis  .\.  Section 
through  region  of  flrst  molar  teeth.  Note :  absence  of  upper  right  first  molar  tooth,  abnormal 
cartilage,  and  cleft  palate. 

Fig.  6. — In  this  abnormal  animal,  the  ocular  anomaly  is  unilateral  and  on  the  right  side. 
Observe:  the  heterotopic  cartilages  on  both  sides,  the  presence  of  all  four  molars  with  the 
upper  ones  reduced  In  size. 
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opening  can  be  noticed  in  the  mucosal  polyp  below  the  left  palatine  process. 
The  lidless  eyes  show  marked  protrusion  and  overhang  the  cheeks.  Sections 
of  the  ocular  muscles  can  be  seen. 

The  section  shown  in  Fig.  4,  B  goes  through  the  optic  nerve  on  the  right 
side.  Except  for  protrusion  of  the  globes  and  absence  of  the  lids,  the  eyes  are 
normal.  The  orbits  are  supported  interiorly  by  the  heterotopic  cartilage.  The 
posterior  extremity  of  the  right  mandibular  molar  is  sectioned  but  there  are 
no  traces  of  the  other  molars  in  this  or  in  sub.seipient  sections.  The  na.sal  cavity 
is  still  visible  in  this  section  which  goes  through  the  right  optic  nerve  while,  in 
a  corresponding  control  (Fig.  4,  A),  the  na.sopharyngeal  duct  is  already  seen. 
This  discrepancy  is  due  to  the  shortening  of  the  abnormal  head. 

Another  specimen  which  has  protruding  eyes,  not  seen  in  the  section  re¬ 
produced,  shows  a  heterotopic  cartilaginous  bar  and  a  somewhat  different 
dental  pattern  (Fig.  5).  On  the  left  side  there  is  a  small  upper  first  molar 
tooth,  but  there  are  no  molars  on  the  right.  In  subsequent  sections,  no  second 
and  third  molars  could  be  detected  on  the  left.  In  Fig.  5,  a  posterior  cleft  of 
the  palate  is  also  present. 

A  specimen  with  unilateral  open  eye  is  of  interest  because  it  permits  com¬ 
parison  of  the  two  sides  in  one  section.  Fig.  6  shows  the  right  eye  larger  than 
the  left,  and  rudimentary  lids  over  the  right  eye.  The  left  eye  appears  normal. 
Heterotopic  cartilaginous  bars  arc  present  on  both  sides  but  they  are  smaller 
than  those  described  in  previous  specimens.  Four  molars  are  present  but  the 
upper  ones  are  somewhat  hypopla.stic.  This  animal  represents  a  transitional 
stage  from  the  marked  anomaly,  described  before,  to  the  normal  condition. 

DISCU.S.SION 

The  experimental  disturbance  of  the  abnormal  specimens  described  in  the 
preceding  pages  resulted  in  an  interesting  pattern  of  oculodentofacial  anom¬ 
alies.  The  out.standing  features  of  the  abnormal  pattern  produced  by  hyper- 
vitaminosis  A  were  exophthalmus,  maxillomandibular  ankylosis,  the  presence 
of  heterotopic  cartilage  in  the  maxilla,  and  the  absence  of  some  molar  teeth. 
The  syndrome  manifested  itself  chiefly  in  derivatives  of  the  mandibular  arch 
and  it  appears  that  the  eye  was  secondarily  involved  because  of  its  regional 
relationship  to  this  area.  Mesodermal  and  ectodermal  structures  were  affected 
and  it  is  likely  that  the  dental  anomalies  are  attributable  to  the  anomalies  of 
the  underlying  mesodermal  tissues.  The  pattern  produced  by  hypervitaminosis 
A  differed  from  that  of  riboflavin  deficiency  in  several  respects.  In  the  young 
produced  by  riboflavin  deficiency,  only  the  incisor  teeth  were  affected,  the 
lower  more  than  the  upper.  The  distal  portions  of  the  jaws  were  particularly 
reduced  in  length.  In  the  young,  as  a  result  of  hypervitaminosis  A,  more  prox¬ 
imal  portions  of  the  jaws  were  involved  and  their  reduction  resulted  in  anom¬ 
alies  of  molar  teeth.  It  is  of  interest  that  different  syndromes  of  multiple 
congenital  anomalies  can  be  produced  by  different  prenatal  environmental 
disturbances.  The  syndrome  described  above,  and  produced  by  prenatal  hyper¬ 
vitaminosis  A,  results  in  absence  of  some  of  the  molar  teeth,  an  anomaly  not 
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described  in  tlie  riboflavin-deficiency  syndrome.  A  deficiency  of  molar  teeth 
has  been  observed  before  in  some  strains  of  inbred  mice.  (Iruneberg,*  for 
instance,  described  absence  of  third  molars  in  an  inbred  strain  (CBA).  Al¬ 
though  these  molar  anomalies  were  due  to  a  genetic  disturbance,  the  manifesta¬ 
tion  of  the  character  seemed  to  be  strongly  influenced  by  intra-uterine  condi¬ 
tions,  since  abnormal  animals  tended  to  occur  grouped  in  certain  litters. 

The  dependence  of  the  development  of  the  molar  teeth  upon  genetic  as 
well  as  environmental  factors,  as  demonstrated  in  such  animal  experiments, 
illustrates  the  difficulties  of  simple  interpretations  of  similar  anomalies  in  man. 
Anomalies  which  occur  spontaneously  under  certain  genetic  constellations  can 
be  imitated  by  environmental  procedures  and  disturbances  of  the  prenatal 
environment.  It  becomes  increasingly  evident  that  congenital  defects  are  in 
many  instances  attributable  to  a  combination  of  genetic  and  prenatal  environ¬ 
mental  factors. 


SUMMARY 

Oculodentofacial  anomalies  observed  in  the  young  of  rats  with  hyper- 
vitaminosis  A  were  analyzed.  It  was  found  that  exophthalmic  eyes  were 
('ssentially  normal  in  structure  but  protruded  as  a  result  of  congenital  mal¬ 
formation  of  the  orbital  floor.  Anomalies  of  the  maxilla  and  the  molar  teeth 
were  also  seen.  These  anomalies  were  different  from  those  produced  by  ma¬ 
ternal  riboflavin  deficiency  previously  described. 
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EFFECT  OF  REPEATED  ADDITIONS  OF  SUBOPTIMCM  AMOUNTS  OF 
A  REQUIRED  VITAMIN  ON  GROWTH  AND  ACID  PRODUCTION 
OF  LACTOBACILLI 

STEWART  A.  KOSEB  AND  JOAN  THOMAS  STUEDELL 
Zolhr  Dtntal  Clinic  and  Department  of  Microbioloffy,  University  of  Chicago,  Chicago,  III. 

A  COMMONLY  held  concept  of  the  carious  process  is  that  it  is  initiated 
primarily  by  acid  resultinfr  from  sug:ar  fermentation  caused  by  certain 
oral  microorfranisms  at  definite  sites,  as  in  plaques  on  the  tooth  surface.  The 
acid  production  may  conceivably  be  continuous  but  is  often  thought  of  as  more 
or  less  intermittent,  depending  upon  the  availability  of  fermentable  su^ar  in  the 
environment  as  well  as  the  presence  of  other  nutrients  required  by  the  miero- 
organisms.  Lactobacilli  and  streptococci  are  the  bacteria  usually  believed  to  be 
chiefly  responsible  for  acid  production. 

It  is  known  from  studies  of  nutritional  needs  of  microorganisms  that  growth 
can  bo  prevented  by  withholding  an  essential  nutrient,  such  as  a  required  vita¬ 
min  or  amino  acid,  which  the  microorganism  itself  is  unable  to  synthesize.  In 
most  of  the  work  dealing  with  growth  response  of  microorganisms  to  a  required 
vitamin,  the  full  amount  of  the  vitamin  to  be  used  in  the  e.xperiment  has  been 
added  to  the  medium  not  later  than  the  time  of  inoculation.  Thus,  the  vitamin 
is  available  at  once  for  active  cell  metabolism  and  growth,  resulting  in  maximal 
growth  and  acid  production,  or  a  lower  level  if  a  suboptimum  amount  of  vitamin 
has  been  supplied.  In  the  latter  case,  growth  and  acid  production  cease  at  a 
definite  point  depending  on  the  amount  of  required  nutrient  available. 

The  question  may  be  raised  as  to  what  hai)pens  if  an  acid  i)r(Klucing  oral 
microorganism  receives  several  intermittent  small  amounts  of  a  required 
nutritive  substance,  rather  than  getting  a  larger  sui)ply  all  at  one  time.  In  the 
present  study,  an  attempt  has  been  made  to  answer  this  (piestion  by  taking 
advantage  of  the  known  vitamin  needs  of  lactobacilM.^"'’  Re))eated  or  multiple 
additions  of  a  smalt  amount  of  vitamin,  or  any  other  essential  nutrient,  might 
simulate  more  nearly  the  conditions  under  which  lactobacilli  must  develop,  at 
least  at  times,  in  certain  sites  in  the  mouth. 

METHODS 

Baml  Medium. — The  basal  medium  consisted  of  the  following  substances 
per  1,000  ml.  of  medium:  5  grams  acid  hydrolyzed  purified  casein,  10  grams 
glucose,  6  grams  anhydrous  sodium  acetate,  50  mg.  L-tryptophane,  100  mg.  each 

This  investigation  was  supported  in  part  by  g:rant  D68  of  the  National  Institutes  of 
Health,  U.S.  Public  Health  Service. 

Received  for  publication  Aug.  1,  1958  ;  revised  by  authors  Sept.  25,  1958. 
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of  I)L-serine  and  DL-threonine,  50  ni};.  cysteine. I ICl,  10  mg.  each  of  adenine 
sulfate,  guanine  hydrochloride,  thymine,  and  uracil,  3  grams  K2HP()4,  *200  mg. 
MgS04.  THjO,  10  mg.  FeS()4.7Il20,  7.5  mg.  MnCl2.-lH20,  and  vitamins.  Sodium 
was  also  supplied  in  the  form  of  sodium  hydroxide  to  bring  the  medium  to  the 
desired  pll.  This  resulted  in  the  addition  usually  of  about  0.23  gram  of  smlium 
per  liter,  along  with  the  sodium  .supplied  as  .sodium  acetate.  The  vitamins  nor¬ 
mally  used  per  1,000  ml.  of  medium  were:  10  jug  biotin,  1,000  jug  nicotinic  acid, 
200  jug  pteroylglutamic  acid,  100  fig  j)ara-aminobenzoic  acid,  1,000  jug  calcium 
pantothenate,  1,000  jug  pyridoxal  hydrochloride,  “200  jug  rilmflavin,  and  100  jug 
thiamine  hydrochloride.  Of  the  above  substances,  cysteine  and  thiamine  were 
added  from  filter-sterilized  solutions  to  individual  tubes  or  flasks  of  medium  at 
the  time  of  inoculation,  the  thiamine  being  used  only  in  the  case  of  Lactobacillus 
fermenti,  a  heterofermentative  type  which  reijuires  thiamine.  Another  addition 
to  the  medium,  when  L.  fermenti  was  employed  in  the  experiments,  was  a  mixture 
of  3  pentoses:  L-arabinose,  l)-xylose,  and  D-ribose.  Thest*  were  autoclaved 
together  in  distilled  water  solution  and  added  to  the  tubes  or  flasks  of  medium 
in  an  amount  to  give  a  final  concentration  in  the  medium  of  0.5  per  cent  of  each 
pentose.  The  pentoses  were  addetl  because  of  their  stimulating  effect  on  growth 
of  L.  fermenti,  which  otherwise  may  be  rather  slow  at  times. 

The  tests  with  each  of  the  several  vitamins  in  repeated,  suboptimal  quan¬ 
tities  made  necessary  some  departures  from  the  foregoing  amounts  in  the  case 
of  the  particular  vitamin  used  in  each  experiment.  For  example,  when  the 
i-esponse  to  repeated  small  amounts  of  biotin  was  determined,  the  amount  of 
biotin  was  adjusted  as  specified  in  later  experimcjits,  but  the  other  substances 
were  all  supplied  in  the  amounts  listed  above. 

The  medium  was  adjusted  to  pH  6.8  with  sodium  hydroxide.  It  was 
dispensed  usually  in  125  ml.  amounts  in  250  ml.  flasks.  After  sterilization  in 
the  autoclave  the  pH  was  about  6.4  to  6.5. 

Cultures. — Strains  of  oral  lactobacilli  of  both  the  hetero-  and  homofermenta- 
tive  types,  and  several  American  Type  Culture  Collection  strains  were  used. 
All  cultures  were  kept  in  stock  in  tomato  juice-yeast  extract  (TJY)  medium 
of  the  composition  described  by  Orland.^  For  inoculation  of  tests,  a  24-hour 
TJY  culture,  made  from  a  recent  transfer  of  the  stock  culture,  was  iised;  1  ml. 
of  a  1 : 100  .saline  dilution  was  introduced  into  125  ml.  of  medium  in  a  flask. 

Procedure. — Each  experiment  consisted  of  2  or  3  flasks  of  basal  medium 
from  which  the  particular  vitamin  under  investigation  had  been  omitted.  One 
flask,  just  before  inoculation,  received  an  amount  of  the  vitamin  sufficient  to 
support  good  growth  of  the  lactobaeillus.  No  more  vitamin  was  added  to  this 
culture.  It  served  as  the  control  which  received  its  vitamin  supply  in  the 
usual  way,  i.e.,  all  of  it  at  the  start.  The  other  one  or  two  flasks,  termed  ex¬ 
perimental,  received  a  distinctly  suboptimal  amount  of  the  same  vitamin, 
enough  for  only  fair  or  moderate  growth.  All  flasks  were  incubated  at  36°  C. 
After  3  days,  samples  were  withdrawn  from  the  flasks,  for  (a)  Lumetron  read¬ 
ings  of  turbidity,  (b)  plate  counts  of  viable  cells  using  either  TJY  or  the  APT 
medium  of  Evans  and  Niven,®  and  (c)  pH  determinations.  The  TJY  agar 


158  KOSER  AND  STUEDELL  J.  D.  Re^. 

Jan.— Feb..  1959 

was  used  in  most  cases,  but  APT  agar  medium  was  found  preferable  for  plating 
some  strains  of  heterofermentative  lactobacilli  which  formed  only  small  colonies 
on  TJY  plates. 

After  withdrawal  of  the  sample  for  the  above  determinations,  another 
small  amount  of  the  vitamin  was  added  to  the  experimental  flasks,  with  or 
without  neutralization  of  acid  as  described  below.  Nothing  was  added  to  the 
control  flask  nor  were  any  ad,iustments  made  in  it.  The  procedure  was  repeated, 
usually  4  times,  at  intervals  of  several  days  until  the  experimental  flasks  re¬ 
ceived  the  same  total  amount  of  the  vitamin  that  was  placed  in  the  control  flask 
at  the  start. 

In  some  cases  the  acid  formed  in  the  experimental  flask  was  neutralized  to 
pH  6.8  with  sterile  1  N  sodium  hydroxide  solution  .just  before  the  next  succeeding 
addition  of  vitamin.  Thus,  the  lactobacillus  was  afforded  an  opportunity  to 
carry  on  metabolism  at  approximately  the  original  pH  of  the  medium,  if  able 
to  do  so.  It  should  be  pointed  out  that,  although  the  acid  was  neutralized,  the 
cells  were  continually  exposed  to  other  metabolic  products  which  had  accumulated 
as  a  result  of  earlier  growth.  In  other  experiments  the  acid  produced  by  the 
lactobacillus,  after  each  supply  of  vitamins,  was  not  neutralized.  In  these 
cases,  the  cells,  on  each  succeeding  addition  of  the  small  amount  of  vitamin, 
must  carry  on  metabolism,  if  possible,  in  an  environment  becoming  gradually 
more  acid  and  which  contained  other  products  of  grow’th  as  w’ell. 

RESULTS 

Fig.  1  show's  the  response  of  L.  casei  7469  to  5  separate  additions  of  sub- 
optimal  amounts  of  biotin  given  at  3-day  intervals  starting  at  the  time  of  in¬ 
oculation.  Turbidity  resulting  from  growth  of  the  lactobacillus  is  shown  by 
the  per  cent  light  transmission,  in  which  decreasing  values  represent  greater 
turbidity.  It  is  evident  that  in  the  control  L.  casei  grew*  readily  in  the  presence 
of  0.0001  fig  biotin  per  milliliter.  At  the  third  day  after  inoculation,  it  had 
attained  a  turbidity  of  about  33,  a  pH  of  4.1,  and  there  were  455  million  cells 
per  milliliter.  The  amount  of  biotin  used  is  not  quite  sufficient  for  maximal 
grow'th.  It  may  be  added  parenthetically  that  by  increasing  the  amount  of 
biotin  it  is  possible  to  reach  somewhat  higher  cell  counts  and  a  pH  of  3.8  or 
thereabouts  in  this  medium.  The  object  of  the  work,  however,  w'as  to  compare 
results  with  the  same  amount  of  vitamin  added  in  different  ways.  Thus,  the 
quantity  of  vitamin  used  in  the  controls  was  determined  by  the  total  amount 
planned  for  use  in  the  multiple  addition  experiments,  not  by  the  amount  needed 
for  maximal  growth  and  acid  production. 

When  the  \'itamin  is  added  in  small  increments,  response  of  the  lactobacillus 
to  the  initial  amount  is  distinctly  limited;  the  turbidity,  acidity,  and  cell  counts 
are  all  lower.  In  the  flask  in  which  the  acidity  was  not  neutralized,  there  is  a 
gradual,  though  not  marked,  increase  in  turbidity  over  the  remaining  period 
as  additional  small  amounts  of  vitamin  are  added.  There  is  also  an  inerea.se 
in  acidity  from  pH  4.9  at  3  days  to  4.1  at  15  days.  In  this  case,  the  eventual 
pH  value  reached  the  same  level  as  the  control  where  all  the  vitamin  w'as 
added  initially,  although  in  many  other  similar  experiments  this  w'as  not  the 
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case.  Evidently  the  small  increments  of  vitamin  serve  to  support  some  con- 
tinuinff  cell  metabolism  and  additional  acid  production  over  this  period,  in 
spite  of  the  fact  that  the  cells  are  in  a  distinctly  acid  environment.  The  highest 
count  of  viable  cells  under  these  conditions  was  recorded  at  5  days,  or  after  the 
second  addition  of  vitamin,  with  a  decrease  in  numbers  by  the  ninth  day; 
however,  the  numbers  are  distinctly  greater  than  in  the  control  flask  at  5,  9, 
and  12  days.  In  the  control  flask  which  grows  out  at  once  and  attains  pH  4.1, 
the  cells  die  rapidly  at  36°  C.  after  peak  growth  is  attained. 

In  the  remaining  experimental  flask  of  Fig.  1,  the  acidity  was  readjusted 
to  pH  6.8  at  each  3-day  inten  al.  Thus,  the  pH  of  4.5  at  6  days  and  pH  5.1  at 
9  days  represent  more  acid  production  by  the  cells  after  the  3-day  and  6-day 
neutralization  and  addition  of  more  vitamin.  During  this  interval,  the  turbidity 
increased  but  slightly  and  the  count  of  viable  cells  decreased  after  the  third  day. 


Figr.  1. — Biotin  and  L,  cnsei  7469.  Biotin.  0.00002  uS  per  ml.,  added  at  0,  3,  6.  9.  and 
12  days  to  total  of  0.0001  mS  per  »«1.  Control  received  0.0001  /iB  I>er  mi.  at  0  time.  pH  values 
of  the  cultures  at  different  intervals  are  shown  on  the  turbidity  curves,  i.e.,  4.1,  4.8.  4.9,  etc. 

Plate  counts  for  viable  ceils  are  given  at  right.  — - x —  =  multiple  additions  of  vitamin. 

acid  not  neutralized.  — • - • —  =  multiple  additions  of  vitamin,  acid  neutralized. 

— • - • —  =  control. 


However,  some  metabolic  activity  evidently  occurred  and  more  acid  was  formed 
during  this  interval.  After  9  days,  however,  little  or  no  acid  was  produced 
after  neutralization  and  addition  of  more  vitamin.  The  viable  cell  count  is  low 
at  this  time,  although  it  will  be  noted  that  toward  the  end  of  the  experiment 
the  count  is  higher  than  in  the  other  experimental  flask  which  was  not  neutralized 
at  each  interval.  Evidently  the  periodic  neutralization  of  acid,  together  with 
addition  of  a  little  more  vitamin,  served  to  prevent  as  rapid  a  decrease  in 
numbers  as  in  the  other  experimental  flask  or  in  the  control.  The  same  effect 
often  was  seen  in  other  experiments  with  different  strains  of  lactobacilli  and 
different  vitamins. 

A  number  of  additional  experiments  similar  to  the  one  shown  in  Fig.  1 
were  also  performed  with  biotin  and  other  lactobacilli:  L.  casei  strains  4  and 
46,  L.  fermenti  strains  6  and  41.  These  results  are  not  given  in  detail  but. 
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in  general,  were  similar  to  those  of  L.  casei  7469  in  Fig.  1.  In  the  instances 
where  cullures  received  multiple  additions  of  small  amounts  of  vitamin,  the 
turbidity  and  the  acidity  were  always  somewhat  less  and,  in  some  cases,  distinctly 
less  than  in  the  controls  which  received  all  of  the  vitamin  at  the  start.  However, 
the  number  of  viable  cells  at  the  later  time  intervals  was  greater  where  multiple 
additions  of  vitamin  were  received  than  in  the  controls. 

Fig.  2  summarizes  the  results  obtained  in  a  similar  experiment  with 
nicotinic  acid  and  L.  casei  4,  a  lactose-negative  oral  strain.  Following  multiple 
additions  of  nicotinic  acid  neither  the  turbidity  nor  the  pH  values  of  the  ex¬ 
perimental  cultures  ever  equaled  those  of  the  control  which  received  all  of  the 
nicotinic  acid  at  the  start.  The  unneutralized  experimental  flask  eventually 
reached  pH  4.5  after  periodic  vitamin  additions.  In  the  lot  that  was  periodically 
neutralized  the  cells  succeeded  in  bringing  the  pH  to  5.0  on  two  occasions  but 
later  produced  only  slight  ’  inges  in  pH.  But,  here  again,  the  number  of 
viable  cells  in  both  of  the  mui.-  ’e  addition  cultures  was  greater  than  in  the 
control  from  the  sixth  day  to  the  end  of  the  experiment. 


Fig.  2. — Nicotinic  acid  and  L.  casei  4  (lactose  negative).  Nicotinic  acid.  0.005  gg  per 
ml.,  added  at  0.  3,  6.  10,  and  14  days  for  total  of  0.025  gg  per  ml.  Control  received  0.025  gg 
per  ml.  at  0  time.  pH  values  and  plate  counts  are  shown  as  in  Fig.  1.  — —  =  multiple 

additions  of  vitamin,  acid  not  neutralized.  — • - • —  =  multiple  additions  of  vitamin,  acid 

neutralized.  — • - • —  =  control. 

Similar  experiments  with  repeated  additions  of  suboptimal  amounts  of 
nicotinic  acid  and  other  lactobacilli  were  also  included  in  the  work.  Since  the 
results  in  general  were  similar  to  those  given  in  Fig.  2  they  are  not  shown  in 
detail.  The  lactobacilli  used  in  these  other  tests  were  L.  casei  strains  45,  96, 
and  7469,  and  a  lactose-negative  strain,  1009. 

Figs.  3  through  5  show  results  of  similar  experiments  with  riboflavin,  cal¬ 
cium  pantothenate,  and  thiamine.  In  each  case,  multiple  additions  of  the  vita¬ 
min  were  made  until  the  total  amount  equaled  that  of  the  control  tube.  The 
experimental  medium  was  neutralized  just  before  each  periodic  vitamin  addi¬ 
tion;  unneutralized  lots  were  not  included  in  these  experiments.  Aside  from 
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certain  differences  in  detail,  the  general  picture  of  the  results  is  much  the  same, 
irrespective  of  the  vitamin  and  the  laetobacillus  used.  The  amount  of  growth 
as  shown  by  turbidity  is  distinctly  less  when  the  vitamin  is  added  in  several 
small  amounts.  In  some  instances,  the  pH  of  the  experimental  lots  approaches, 
but  does  not  equal,  that  of  the  control  during  the  earlier  part  of  the  experiment. 


Fib.  3. — Riboflavin  and  L.  casei  46.  Riboflavin,  0.005  uS  Per  ml.,  added  at  0,  3,  6,  9, 
and  13  days  for  total  of  0.025  /ig  per  ml.  Control  received  0.025  /tg  per  ml.  at  0  time.  pH 

values  and  plate  counts  shown  as  in  Fig.  1.  — • - • —  =  multiple  additions  of  vitamin, 

acid  neutralized.  — • - • —  =  control. 


DAYS 

Fig.  4. — Pantothenate  and  L.  fermenti  6.  Calcium  pantothenate,  0.004  iig  per  ml.,  added 
at  0,  4,  7,  10,  and  13  days  for  total  of  0.02  /tg  per  ml.  Control  received  0.02  ng  per  ml.  at 

0  time.  pH  values  and  plate  counts  shown  as  in  Fig.  1.  — • - • —  =  multiple  additions  of 

vitamin,  acid  neutralized.  — • - • —  =  control. 

This  is  seen  in  the  case  of  rilmflavin  and  L.  casei  46  where  the  pH  was  4.5  at 
6  days  compared  with  4.2  in  the  control,  .also  in  the  experiment  with  panto¬ 
thenate  where  pH  4.8  was  reached  in  comparison  with  4.5  of  the  control,  L. 
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fermenti  strains  (5  and  41  are  heterofermentativc  lactolmcilli  and  the  pll  values 
reached  by  tliese  oifyanisins  are  not  as  low  as  those  of  hoinoferinentative  laeto- 
bacilli.  L.  fermenti  6  often  grew  somewhat  more  slowly  in  the  medium  used 
for  the  tests  than  many  other  laetobaeilli.  In  many  of  the  above  eases,  the 


Fip.  5. — Thiamine  and  L.  fermenti  41.  Thiamine  hydrochloride,  0.002  fig  per  ml.,  added 
at  0,  3,  6.  11,  and  14  days  for  a  total  of  0.01  Pe*"  nil.  Control  received  0.01  mp  per  ml.  at 

0  time.  pH  values  and  plate  counts  shown  as  in  Fip.  1.  — • - • —  =  multiple  additions 

of  vitamin,  acid  neutralized.  — — • —  =  control. 


Fig.  6. — Tryptophane  and  L.  casei  45.  L-tryptophane,  0.2  pg  per  ml.,  added  at  0,  3,  6,  9. 
and  13  days  for  total  of  1.0  gg  per  ml.  Control  received  1.0  gg  per  ml.  at  0  time.  pH 

values  and  plate  counts  shown  as  in  Fig.  1.  — • - • —  =  multiple  additions  of  tryptophane, 

acid  neutralized.  — • - • —  =  control. 

lactobacillus,  after  readjustment  of  the  medium  to  pH  6.8  and  the  addition  of 
another  small  amount  of  vitamin,  did  not  succeed  in  lowering  the  pll  as  much 
as  in  the  earlier  periods  of  growth.  Toward  the  end  of  the  experiments  there 
is  evidently  little  metabolic  response  to  new  additions  of  vitamin. 
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One  amino  acid  was  used.  L-tryptophane  is  required  for  growth  of  most 
lactobacilli  and  consequently  can  be  used  for  the  same  type  of  experiment.  In 
tliis  case  all  required  vitamins  were  supplied  in  adequate  amounts  but  the  supply 
of  trj'ptophane  was  regulated.  In  the  experiment  shown  in  Fig.  6,  the  1.0  ug 
l)er  milliliter  of  the  control  supports  good  growth,  although  not  quite  optimal, 
of  L.  casei  45.  Two-tenths  microgram  per  milliliter  of  L-tryptophane  supports 
distinctly  suboptimal  growth.  Later  additions  of  this  same  amount  at  3-day 
intervals  did  not  support  growth  or  pH  levels  equal  to  those  of  the  control  and 
the  over-all  picture  of  results  for  tr>T)tophane  is  the  .same  as  for  the  individual 
vitamins. 


SUMMARY 

Growth  response  and  acid  production  by  lactobacilli  to  multiple  suboptimum 
amounts  of  a  required  \'itamin,  supplied  over  a  period  of  12  days  or  more,  were 
compared  with  the  response  when  the  same  total  amount  of  vitamin  was  supplied 
at  the  time  of  inoculation  in  the  conventional  way.  A  basal  medium  of  acid 
hydrolyzed  casein,  glucose,  acetate,  salts,  and  supplements  was  used. 

The  periodic  additions  of  small  amounts  of  a  required  vitamin  did  not 
support  as  full  growth  as  the  same  total  amount  of  vitamin  given  at  the  start. 
However,  the  periodic  additions  evidently  caused  some  metabolic  stimulus,  and 
more  viable  cells  usually  were  found  toward  the  end  of  the  experimental  period 
under  such  conditions. 

In  lactobacillus  cultures  supplied  the  periodic  small  amounts  of  vitamin. 
pH  values  usually  were  not  as  low'  as,  although  at  times  they  approached,  the 
pH  values  reached  when  all  the  \'itamin  was  supplied  at  the  start.  When  the 
acid  resulting  from  cell  metabolism  supported  by  repeated  small  amounts  of 
vitamin  was  neutralized  periodically,  lactobacilli  wrere  able  to  again  lower  the 
pH  over  the  first  few'  periods  as  more  vitamin  was  supplied,  but  in  later  periods 
little  change  in  pH  resulted  when  additional  small  amounts  of  vitamin  were 
supplied. 
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STREPTOCOCCI  IN  DENTAL  CARIES 
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The  specific  bacterial  etiolofjy  of  dental  caries  is  still  uncertain,  in  spite  of 
the  enormous  amount  of  work  directed  to  its  elucidation.  The  only  undis- 
l>uted  evidence  available  to  date  is  that  caries  cannot  occur  in  the  absence  of 
microbes.^ 

The  problem  of  bacteria  associated  with  caries  has  already  been  investigated 
on  three  successive  levels,  comprising  the  direct  environment  of  the  carious 
lesion:  (a)  exploration  of  the  vast  flora  of  the  saliva,  (b)  identification  of  the 
bacteria  found  in  the  dental  plaque,  and  (e)  study  of  bacteria  harboring  within 
the  lesion  itself. 

Early  investigators,  .such  as  Kligler-  and  others,^  realized  the  bewildering 
character  of  the  oral  flora,  but  regarded  the  lactobacillus  as  probably  a  particu¬ 
larly  significant  member  of  the  carious  flora.  Hence,  they  focused  their  atten¬ 
tion  on  the  lactobacilli,  usually  abundant  in  the  saliva  before  the  appearance  of 
clinical  caries. 

^lany  others  were  inclined  to  believe  that  streptococci  or  Actinomyces  play 
a  role  hi  caries  initiation.  Still,  there  is  at  present  little  direct  evidence  on 
which  a  decision  could  be  made  as  to  the  respective  importance  of  the  organisms 
mentioned — and  sporadic  accounts  of  new  screenings  of  oral  bacteria*’  ®  on  a 
broader  scale  are  stimulating  and  promising. 

A  fourth  level  has  comparatively  recently  focused  the  attention  of  investi¬ 
gators.'*  It  is  mainly  the  search  for  bacteria  having  the  ability  to  invade  ap¬ 
parently  intact  tooth  structure  in  vivo,  and  presumably  involved  in  initial 
caries,  or  leading  its  progre.ss.  MacGregor  and  associates”  mention  several 
investigators  as  .stating  that  bacteria  penetrate  far  ahead  of  actual  decalcifica¬ 
tion  and  decay. 

Several  distinct  types  of  bacterial  invasion  of  tooth  structure  have  been 
repeatedly  observed  in  histologic  sections  by  optical  and  electron  microscopy.^'® 
Our  investigation  was  carried  out  in  two  directions,  with  the  aims  in  view: 
first,  to  inquire  into  bacterial  invasion  by  acceptable  bacteriologic  criteria;  and, 
second,  to  isolate  the  primary  invaders,  and  to  see  whether  they  belong  to  a  well- 
defined  group. 

This  study  was  supported  in  part  by  a  grant  from  the  Hadassah  Medical  Organization. 
Jerusalem,  Israel. 

Received  for  publication  Aug.  12.  1958  :  revised  Oct.  30,  1958. 
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MATERIALS  AND  METHODS 

Experimental. — In  order  to  narrow  down  the  wide  spectrum  of  the  salivary 
or  plaque  bacteria  and  avoid  contamination  by  secondary  bacteria,  we  have 
worked  out  a  direct  method  of  obtaining  enamel  or  dentin  scrapings  from  the 
superficial  lesion  or  from  the  bottom  layer  of  small  cavities.  Deeper  cavities 
with  extensive  decay  were  generally  avoided,  for  fear  of  contamination. 

Method  of  Collecting  Material. — Teeth  to  be  restored  were  isolated,  cavities 
excavated  in  a  routine  manner  of  cavity  preparation.  The  floor  of  the  cavity 
was  washed  with  alcohol,  a  fresh  sterile  bur  was  mounted,  and  scrapings  from 
the  sound  adjacent  .structure  were  let  to  fall  down  on  a  sterile  dental  mirror, 
from  which  they  were  then  dropped  into  sterile  broth. 

We  could  apply  this  technic  conveniently  with  upper  teeth  only,  and  conse¬ 
quently  no  mandibular  teeth  were  used  in  this  investigation.  In  some  cases,  we 
took  material  from  the  pigmented,  although  apparently  sound,  enamel. 

Media. — During  the  first  stage  of  this  work,  the  scrapings  were  cultivated 
in  Difeo  brain  heart  infusion  broth  enriched  with  5  jier  cent  Seitz-filtered 
tomato  juice,  and  supplemented  with  bromcresol  green  as  jiH  indicator  (BUT). 

The  final  reaction  of  the  medium  is  around  pll  6,  with  the  indicator  tint¬ 
ing  it  green.  The  main  advantage  of  this  medium  for  the  present  purpose  lies 
in  its  low  selectivity  and  the  wide  range  of  redox  potentials  it  offers.  Prac¬ 
tically  all  the  organisms  usually  encountered  in  the  oral  microflora  can  grow 
almost  equally  well  in  this  medium.  It  seems  reasonable  to  suppose  that  a 
medium  which  enables  growth  of  the  anaerobic  clostridia  as  well  as  that  of 
aerobic  bacilli,  fastidious  streptococci,  as  well  as  various  laetobacilli  and 
diphtheroids,  will  offer  suitable  conditions  for  any  other  type  of  oral  bacteria 
the  redox  and  nutritional  requirements  of  which  lie  lietween  those  of  the  above 
organisms. 

The  results  obtained  with  the  medium  described  above  are  given  in  Column 
2  of  Table  I. 


Tablk  I 

OKOANISMS  ISOI.ATKI)  FROM  DENTI.N'AI.  SCRAPINGS  IN  3  SEPARATE  SERIES  OK  CLINICAL  CASES 


ORGANISMS  ISOLATED 

NO.  OK 

CASES 

1st  series 

1  2nd  series 

1  3rd  series  I 

total 

Pure  streptococci 

25 

9 

9 

43 

Streptococci  +  laetobacilli 

2 

2 

Streptococci  +  others 

if 

7 

8 

Pure  laetobacilli 

1 

1 

Diphtheroids 

1 

1 

Micrococci 

5 

5 

None  (material  found 

sterile) 

5 

2 

5 

12 

Totals 

35 

14 

23 

72 

Second  Series. — After  it  became  clear  that  streptococci  could  be  fairly 
regularly  isolated  by  this  method,  it  was  considered  advisable  to  employ  more 
stringent  cultural  conditions  to  rule  out  several  possible  sources  of  error. 
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A  few  drops  of  the  original  brain  heart  (BH)  broth  inoculated  with  the 
dentinal  scrapings  were  transferred  (1)  to  a  Difco  thioglycollate  broth  tube, 
in  order  to  make  absolutely  sure  that  no  anaerobes  would  be  missed,  and  (2) 
to  2  Petri  dishes  containing  Difco  brain  heart  infusion  agar,  supplemented 
with  0.5  per  cent  yeast  extract,  in  order  that  no  organisms  would  be  overlooked 
as  a  result  of  overgrowth  in  the  liquid  media. 

Column  3  of  Table  I  shows  the  results  obtained  in  a  series  of  14  cases  in 
which  the  modified  cultural  methods  were  used.  Streptococci  were  found  in 
every  one  of  the  12  positive  cultures:  in  3  cases — t(^ether  with  lactobacilli  and 
other  bacteria,  in  the  other  9 — in  pure  culture.  The  BH  plates,  on  which  the 
original  material  was  also  seeded,  remained  sterile  in  these  9  cases.  It  was, 
therefore,  concluded  that  no  other  aerobic  organisms  were  present  in  the  BH 
tubes  besides  streptococci  (streptococci  failed  to  grow  on  the  solid  medium — see 
below). 

In  the  original  tube,  the  streptococci  were  apparently  found  in  small  num¬ 
bers,  since  growth  was  obtained  sometimes  in  the  original  tube,  while  no  growth 
was  obtained  when  this  material  was  diluted  1 :10  to  1 :50. 

CFiARACTERISTICS  OF  THE  STREPTOCOCCI  ISOLATED  FROM  THE  HARD  BASE  OF  CARIOUS 
LESIONS  (morphological,  CULTURAL,  AND  BIOCHEMICAL) 

The  streptococci  appeared  as  mieroaerophilie  gram-positive  spheres  of  about 
0.7  to  1.0  /t  in  diameter,  in  short  or  long  chains,  sometimes  in  pairs.  They  were 
pleomorphic,  often  appearing  in  short,  ovoid  rods  with  rounded  ends. 
Growth  in  the  deeper  part  of  the  BHT  broth  is  diffuse,  abundant,  resembling 
bread  crumbs  with  an  optimum  temperature  of  36°  to  38°  C.  They  will  not 
grow  on  primary  isolation  on  BH  plates,  when  in  small  numbers,  but  will  grow 
well  in  thioglycollate  broth,  bringing  down  the  reaction  to  about  pH  5.0.  On  solid 
media  the  characteristic  growth  is  scant,  dry,  and  rough;  growth  on  BH  slopes 
is  improved  by  addition  of  broth  (BH)  to  prevent  dryness.  They  will  not  dis¬ 
perse  well  in  saline  or  broth. 

In  thioglycollate  broth,  these  streptococci  grew  sometimes  in  a  peculiar 
stalactite  fashion  (Fig.  1). 

Of  the  49  cases  studied  so  far,  7  proved  sterile,  after  prolonged  incubation 
in  all  the  media  mentioned.  It  confirmed  previous  observations  that  scrapings 
of  dentin  obtained  beyond  the  immediate  base  of  the  cavity  are  sterile.  (This 
observation  is  of  clinical  importance  in  that  an  overzealous  attempt  to  search 
these  organisms  down  into  sound  dentin  appears  superfluous.) 

It  was  of  interest  to  determine  whether  these  streptococci  belonged  to  a 
homogenous  group.  Since  the  number  of  strains  available  from  the  previous 
work  was  not  sufficient,  we  investigated  23  more  clinical  cases,  in  order  to  in¬ 
crease  the  number  of  strains  in  our  collection.  The  media  used  in  this  third 
series  were  identical  with  those  of  the  second  series.  The  results  obtained  are 
given  in  Column  4  of  Table  I. 

Twenty-three  of  the  streptococcus  strains  isolated  from  the  second  and 
third  series  were  sent  for  typing  to  Dr.  R.  E.  O.  Williams,  Streptococcal  Ref¬ 
erence  Laboratory,  London.  Eight  of  these  strains  failed  to  grow  by  the  time 
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they  reached  London  (among:  them  3  which  had  been  lyophilized  before  dis¬ 
patch),  and  could  not,  therefore,  be  tested  biochemically.  Fourteen  of  the 
23  strains  (including  3  of  the  strains  which  failed  to  grow  in  London)  were 


Fig.  1. — Stalactite  growth  of  pure  streptococcal  culture  in  thioglycollate  broth.  Note 
growth  starting  a  few  millimeters  l^elow  the  surface,  showing  the  microaerophilic  character  of 
the  mlcroorgranism. 


Fig.  2. — Agar  diffusion  pattern  given  by  streptococcus  strains  against  standard  viridans 
antiserum.  A,  Streptococcus  viridans  No.  10/2  antiserum.  Ay.  Streptococcus  viridans  10/2 
antigen.  Agi,  Afu  =  2  different  streptococcus  antigens.  1 — 1.  4  precipitation  lines. 
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tested  by  us  serologically  by  the  agar  diffusion  method  of  Ouchterlony.  This 
was  done  as  follows:  a  potent  antiserum  was  prepared  against  one  of  the 
viridans  streptococci  (strain  10/2)  by  injecting  rabbits  with  acetone-killed 
bacteria  incorporated  in  Freund’s  adjuvants.  The  technics  used  in  preparing 
the  antigen  for  immunization,  bleeding  the  rabbits,  and  setting  up  the  agar  dif¬ 
fusion  tests  have  been  described.*** 

The  results  of  Dr.  Williams’  typing  are  summarized,  together  witli  the 
results  of  our  serological  te.sts  in  Table  II.  Because  of  the  small  number  of 
strains  used  in  this  study,  these  results  can  only  be  regarded  as  of  a  very  pre¬ 
liminary  nature.  They  show  that  many  of  the  streptococci  isolated  from  the 
advancing  front  of  the  caries  lesion  belonged  to  the  viridans  group,  and  that 
most  of  the.se  bacteria  were  either  identical  or  related  serologically.  Strains 
were  classified  ‘  *  identical  ’  ’  when  giving  the  same  number  of  four  diffusion  lines 
(Fig.  2)  as  the  organism  used  in  preparing  the  antiserum;  and  “related,” 
when  at  least  one  line  was  obtained  in  agar  again.st  the  standard  viridans  anti¬ 
serum. 


T.\ble  II 

Biochemu’ai.  axi»  Serolcxsical  Typing  ok  Strei*tococcai,  Strains 


biochemical 

typing 

NUMBER  OF  STRAINS 

TESTED  BIO¬ 
CHEMICALLY 
(DR.  R.  E.  0. 
WII.I.IAMS  ) 

TESTED 

SEROLOGICALLY 

IDENTICAL 

WITH  STRAIN 
10/2 

REI.ATED 

TO  10/2 

UNRELATED 
TO  10/2 

* 

3 

_ 

- 

3 

No  hemolysis 

2 

2 

_ 

1 

1 

Unidentified 

viridans 

strains 

< 

7 

4 

o 

1 

Sir.  .sanguis 

.1 

2 

o 

Str.  faeeuUs 

.3 

- 

- 

Totals 

23 

14 

4 

3 

7 

•These  were  the  8  strains  which  failed  to  rtow  by  the  time  they  reached  Dr.  Williams' 
laboratory. 


Competitive  Effect  of  Streptococci  nnd  LactohocilH  in  Mixed  Cultures. — 
The  repeated  isolation  of  streptococci  in  pure  cultures  in  liquid  media  raised 
the  question  as  to  whether  this  was  due  to  overgrowth  of  other  organisms  pres¬ 
ent,  in  particular  lactobacilli  by  streptococci. 

In  order  to  test  this  point,  the  following  experiment  was  performed :  100- 
fold  dilutions  were  prepared  from  24-hour  streptococci  and  lactobacilli  cultures 
in  thioglycollate  broth.  Two-milliliter  quantities  of  each  streptococcus  dilution 
were  added  to  tubes  containing  2  ml.  of  the  various  lactobacilli  dilutions,  ac¬ 
cording  to  the  scheme  shown  below.  After  48  hours  of  incubation,  gram-stained 
preparations  were  made  from  each  tube,  to  ascertain  the  type  of  growth  ob¬ 
tained.  It  was  found  that  when  large  numbers  of  bacteria  were  mixed,  Imth 
organisms  grew  in  the  tubes.  With  small  numbers  of  bacteria,  an  approx¬ 
imately  lOO-fold  difference  was  sufficient  for  the  organism  added  in  excess  to 
completely  overgrow  the  other  (Table  III). 
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This  experiment  was  repeated  3  times,  each  time  with  a  different  pair  of 
streptoeoccus-lactobacillus  (both  recently  isolated  from  clinical  cases  of  caries), 
with  practically  identical  results. 

Since  the  number  of  streptococci  found  in  the  advanced  layer  we  were  test¬ 
ing;,  subjacent  the  carious  lesion,  was  very  small,  there  can  be  no  question  of 
their  being  in  large  excess  over  lactobacilli.  It  was,  therefore,  concluded  that 
our  pure  cultures  were  due  to  the  presence  of  a  single  organism  in  the  test 
culture,  the  streptococcus. 


Table  III 

Growth  ok  Streptococci  and  Lactob.\cili.i  in  Mixed  Cultures 


LACTOBACILLI 


streptococci  DILI  TIOXS 


DILUTIONS 

UNDILUTED  | 

10-2 

1  10-4 

1  10-6 

1  10-8 

Undiluted 

M 

M 

L 

L 

L 

10-2 

M 

M 

L 

L 

L 

10-4 

M 

M 

M 

L 

L 

10-6 

M 

M 

M 

M 

L 

10-8 

S 

s 

S 

S 

O 

Kxplanation :  L.  =  tubes  showing  lactobacilli  in  pure  culture.  S  =  tubes  showing  strep¬ 
tococci  in  pure  culture.  O  =  no  growth.  M  =  mixed  cultures. 


DISCUSSION 

Experiments  devised  to  demonstrate  bacterial  invasion  of  teeth  have  been 
reported  before.^**  The  work  of  Harrison®  is  particularly  relevant.  To  quote: 

As  others  have  done  before,  we  began  to  seek  ways  of  finding  a  point 
at  which  the  flora  might  be  simpler,  a  point  at  w^hieh  secondary  in¬ 
vaders  might  be  less  likely  to  have  eome  into  the  picture.  By  this 
method  the  material  cultured  was  from  the  extreme  forward  margin 
and  contained  only  such  organisms  as  had  sufficient  invasive  power  to 
penetrate  into  the  dentin,  and  theoretically  might  lie  assumed  to  have 
caused  the  lesion. 

^lost  of  the  previous  evidence  by  methods  of  histology  and  histopathology 
was  static,  as  based  solely  on  histologic  examination  of  fixed  specimens,  and 
could,  therefore,  be  argued  against.  The  advantage  of  our  method  lies  in  the 
fact  that  there  is  no  room  for  mistake  as  to  the  presence  or  identity  of  the  or¬ 
ganisms,  for  they  can  be  cultivated  and  studied  by  conventional  bacterioli^ic 
twhnics. 

In  our  investigations  we  tapped  bacteria  directly  from  the  floor  of  the 
cavity  of  clinical  cases  and,  without  further  manipulations,  dropped  the 
scrapings  into  a  sterile  test  tulie,  thus  reducing  the  impending  risk  of  eventual 
contamination. 

In  some  cases  of  superficial  caries,  we  also  drilled  a  still  deeper  layer  of 
sound  dentin,  in  a  matter  of  testing  the  reliability  of  our  method.  The  broth 
inoculated  with  these  scrapings  proved  sterile  after  2  days  of  incubation.  A 
conclusion  logically  followed  that  the  invasion  seems  to  be  utterly  limited;  if 
we  drill  a  little  deeper,  we  enter  a  sterile  zone.  On  the  other  hand,  if  we  do 
not  clean  out  the  area  “surgically,”  we  risk  contamination  by  secondary  in¬ 
vaders.  In  fact,  we  “sinned”  in  Ixith  directions;  for  a  certain  number  of  our 
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cases  proved  sterile,  while  others  showed  mixed  cultures.  This  seems  to  be 
inevitable,  since  we  deal  with  “outposts,”  with  “pioneer”  bacteria,  and  their 
invasion  into  hard  dental  structures  is  essentially  limited  to  a  narrow*  zone  of 
demarcation. 

It  is  significant  that  in  most  of  our  cases,  streptococci  were  the  only  or¬ 
ganisms  obtained  in  pure  culture.  All  the  other  bacteria,  occasionally  isolated, 
such  as  micrococci,  gram-negative  bacilli,  filamentous  bacteria,  and  others,  were 
obtained  in  mixed  cultures.  We  should  like  to  point  out  that  most  of  our  pure 
streptococci  cultures  were  isolated  from  eases  of  superficial  enamel  caries,  with 
discoloration  as  the  only  macroscopic  sign  of  an  initial  attack. 

With  deeper  cavities,  there  is  always  the  risk  of  contamination,  and  we 
are  tempted  to  speculate  that  some  of  the  mixed  cultures  of  our  dentin  scrapings 
could  be  thus  explained  as  contamination.  Further  extension  of  research  along 
the  present  lines,  with  a  more  refined  technic,  might  bring  us  closer  to  the  un¬ 
derstanding  of  the  role  of  bacteria  in  the  etiology  of  caries. 

Our  experiments  conducted  over  a  4-year  period  were  performed  at  all 
kinds  of  weather  and  seasonal  variations.  The  scrapings  from  both  “sound” 
enamel  and  dentin  yielded,  in  a  great  percentage  of  cases,  streptococci  in  pure 
culture.  The  long-debated  question”  whether  organisms  are  present  in  ad¬ 
vance  of  the  soft  dentin,  or  softening  precedes  invasion,  could  be  dismissed  as 
irrelevant,  with  the  use  of  our  rigorous  technic  of  a  thorough  removal  of  the 
softened  dentin.  In  all  our  positive  cases,  bacteria  were  present  in  advance 
of  the  soft  dentin,  and  in  order  to  get  the  scrapings  we  had  to  discard  the 
excavator  and  drill  with  the  engine.  It  is  not  excluded,  however,  that  some 
other  kind  of  alteration,  chemical  or  physical,  preceded  invasion. 

In  conclusion,  our  material  seems  to  show  that  the  main  invadei’s  ai-e  strep¬ 
tococci.  We  could  not  identify  them,  however,  with  any  particular  subgroup 
or  species,  although  a  fair  percentage  of  them  seem  to  belong  to  the  viridans 
group  and  may  be  related  serologically. 

SUMMARY 

The  subject  of  this  paper  is  the  description  of  methods  in  caries  investiga¬ 
tion  devised  to  verify  the  fact  of  bacterial  invasion.  The  methods  employed 
were:  (a)  tapping  bacteria  directly  from  clinical  eases  in  routine  preparation 
of  cavities,  and  (b)  identification  of  the  organisms  by  cultural,  morphological, 
biochemical,  and  serological  methods. 

Our  re.sults  have  shown  that  the  organisms  most  frequently  found  in  the 
floor  of  the  cavities  of  initial  caries  are  mieroaerophilic  streptococci  not  fully 
identified  as  yet. 

Our  broader  goal,  the  determination  of  bacterial  identity  by  antigenic 
analysis,  was  not  achieved  with  the  limited  material  on  hand. 

The  authors  are  greatly  indebted  to  Dr.  R.  E.  O.  Williams  of  the  Streptococcal  Ref¬ 
erence  Laboratory,  London,  for  his  kindness  in  typing  23  of  the  strains.  The  authors  wish 
also  to  thank  Professors  N.  Grossowicz  and  A.  L.  Olitzki  of  the  Department  of  Bacteri¬ 
ology,  Hebrew  University — Hadassah  Medical  School,  for  their  interest  and  helpful  dis¬ 
cussion. 
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TLMK  COURSE  OF  PAROTID  SECRETION  IN  MAN 

L.  H.  SCHXEYER,  WILLIAM  J.  DU  BOSE,  L.  K.  LEVIN,  AND  HARRY  E.  OHME  III 

Departments  of  Physiology  and  Clinical  Dentistry,  School  of  Dentistry  and  Medical  College 

of  Alabama,  Birmingham,  Ala. 

Attempts,  m  recent  years,  to  delineate  mechanisms  involved  in  secretion 
of  specific  salivaiy  constituents,  such  as  sodium,  potassium,  and  small 
organic  molecules,  have  leaned  heavily  on  observed  relationships  between  rate 
of  fluid  seeretion  and  concentration  of  the  specific  constituent  in  the  saliva.^'® 
Determination  of  the  exact  nature  of  the  relationship  in  each  case  is,  of  course, 
dependent  on  availability  of  aeeejdable  measurements  of  fluid  flow  rate.  This, 
as  reported  by  Pecks,^  may  vary  100  per  cent  or  more  in  man,  even  in  short 
consecutive  periods  of  colleetion  under  eonditions  of  little  exogenous  stimula¬ 
tion.  A  recent  report  by  Hildes  and  Ferguson,-  concerning  seeretion  of  fluid 
and  ions  by  stimulated  parotid  gland,  indieates  that  variation  in  fluid  secre¬ 
tion  rate  of  human  sub,iects  may  be  even  more  frequent  and  extensive  than 
formerly  indieated.  Beeause  of  the  possible  importance  of  such  an  effect  on 
consideration  of  mechanisms  of  secretion,  this  investigation  of  the  time  course 
of  parotid  gland  secretion,  under  further  simplified  eonditions  of  reduced 
exogenous  stimulation,  was  undertaken. 

METHOD 

Young  adult  human  sub,iects  (10  male  and  1  female)  served  as  saliva 
donoi*s.  Sub,iects  were  not  fasted  but  colleetions  follow^ed  the  meal  period 
by  at  least  one  hour.  Just  pnor  to,  and  duiing,  the  saliva  collection,  subjects 
were  comfortably  seated  and  extraneous  stimulation  was  kept  to  a  minimum. 

Conventional  parotid  cups’  were  used  to  obtain  the  seeretion.  Measure¬ 
ments  of  secretory  flow  w'ere  made  by  two  methods.  In  the  first  method  (I), 
secretion  w^as  led  by  rubber  tuln*  fi-om  the  collection  chamber  of  the  parotid 
eup  to  a  small  capacity  (generally  0.2  ml.,  calibrated  in  steps  of  0.01  ml.) 
serological  pipette.  Volumes  were  recorded  at  inten’als  of  several  seconds, 
as  timed  by  a  stop  watch. 

The  second  method  (11)  for  recording  was  devised  for  this  investigation 
and  involved  the  use  of  a  flexible  steel  strip  clamped  to  a  fixed  support  at 
one  end  but  left  hanging  free  at  the  other.  A  light  metal  pan  was  affixed 
to  the  free  end  of  the  steel  strip  and  a  celluloid  pointer  was  attached  to  this 
so  that  deflections  of  the  free  end  of  the  assembly,  resulting  from  dropwise 
addition  of  saliva  from  the  collecting  tube  to  the  ])an,  could  be  recorded  by 

Supported  by  a  grant  from  the  National  Institutes  of  Health  (D-931),  r.  S.  Public 
Health  Service. 
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contact  against  a  revolving  smoked  kymograph  dmm.  The  recording  device 
was  calibrated  by  addition  of  known  weights  to  the  collection  pan;  time 
intervals  were  marked  direetly  on  the  kymograph  record. 

RESULTS 

The  rate  of  secretion  from  one  parotid  gland  of  eaeh  of  11  subjects  was 
measured,  by  either  of  two  methods  already  described,  as  a  virtually  continu¬ 
ous  function  of  time.  The  results  are  indicated,  in  a  form  simplified  to  facili¬ 
tate  analysis,  in  Table  T.  More  eomplete  data  for  4  of  these  subjects  are  given 
graphically  in  Fig.  1. 

Table  I  shows,  for  a  total  collection  period  of  4  to  10  minutes,  the  per 
cent  of  the  total  secretory  flow  obtained  at  intervals  of  20,  40,  60,  and  80  per 
cent  of  total  collection  time.  At  100  per  cent  time,  of  course,  100  per  cent 
of  the  total  flow  was  recorded.  As  shown  in  Table  I,  one  group  of  subjects 
(Nos.  1-3)  displayed  a  time  course  of  secretory  flow  which  was  es.sentially 
linear.  The  main  bulk  of  the  subject  group,  however,  displayed  cumulative 
secretion  flow  values  which  indicate  marked  departure  from  constancy  during 
the  4-  to  10-minute  total  time  of  collection.  These  two  general  trends  of  flow 
behavior  were  ob.servcd  with  both  methods  for  flow  recording  (Table  I). 


Table  I 

(’rMrijvTivE  Volume*  op  Parotid  Secretion  at  Selected  Intervals  of  Total 
Collection  Period  (TCP) 


subject 

%  OF  TOTAL  SECRETION 

TOTAL 

SECRETION 
(ML.  OR  CM.) 

TOTAL 

TIME 

(MIN.) 

20% 

TCP 

40% 

TCP 

60% 

TCP 

80% 

TCP 

1 

19 

38 

61 

77 

.172 1 

4.0 

2 

28 

48 

63 

78 

.600 

4.0 

3 

29 

46 

66 

89 

.350 

10.0 

4 

16 

30 

52 

74 

.950 

8.0 

5 

10 

25 

63 

88 

.200 

10.0 

6 

19 

39 

45 

88 

.200 

10.0 

7 

21 

33 

70 

94 

.,300 

10.0 

8 

28 

55 

74 

89 

.0651 

10.0 

9 

35 

49 

91 

97 

.1591 

10.0 

10 

30 

40 

58 

80 

.250 

10.0 

11 

8 

36 

52 

76 

.445 

10.0 

•Cumulative  volumes  are  expressed  as  per  cent  of  total  secretion  for  the  indicated  period. 
tSecretion  collected  by  Method  I  and  expressed  as  milliliters. 


Closer  examination  of  the  course  of  the  volume  flow  of  parotid  secretion 
with  time  is  permitted  by  the  graphic  presentation  in  Fig.  1  which  shows 
cumulative  flow'  for  consecutive  brief  inteiwals  during  the  total  collection 
period  for  Subjects  1,  5,  3,  and  9  of  Table  I.  These  cases  displayed  time 
courses  of  seeretoiy  flow  that  may  be  representative  of  distinct  flow  patterns. 

The  first  possibly  specific  pattern  of  secretory  flow'  is  represented  by 
the  time  course  shown  in  Fig.  1,  ^1.  In  this  case,  cumulative  flow  values  show 
a  generally  linear  trend  with  time  and  an  absence  of  periods  of  drastic  change 
in  secretion  rate.  The  time  courses  of  secretion  for  4  discrete  collection  peri¬ 
ods.  two  occurring  consecutively  on  one  day  (o,  c)  and  two  on  another,  8 


Subject  I  Subject 


retory  flow  in  4  subjectii.  Multiple  curves 
Subjects  1  and  9  determined  by  Method  1 
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(lays  later,  but  all  with  the  same  subject,  are  also  shown  here.  Although  some 
departure  from  linearity  is  observed  especially  for  curves  c  and  d,  a  generally 
linear  trend  and  an  absence  of  periodic  large  changes  in  rate  is  characteristic 
of  each  of  these. 

A  second  possibly  representative  pattern  is  one  of  periodic  rapid  rate 
fluctuations.  The  over-all  cumulative  flow  may  show  a  nonlinear  general 
course  (Fig.  1,  B),  or  a  generally  linear  over-all  tendency  (Fig.  1,  C).  When 
the  linear  tendency  is  displayed,  distinction  between  this  and  the  first  pattern 
may  be  somewhat  arbitraiy  and  depends  on  the  degree  of  periodicity  dis¬ 
played  during  the  time  course  of  secretion.  In  this  case  also  (Fig.  1,  C),  the 
results  show  a  tendency  for  a  particular  secretion  pattern  to  be  generally 
characteristic  for  a  specific  subject.  This  is  evidenced  by  the  similar  time 
course  curves  obtained  in  3  collection  periods  on  two  different  days  (only 
collections  corresponding  to  curves  a  and  c  of  Fig.  1,  C  were  made  on  the  same 
day). 

A  third  pattern  which  may  possibly  be  delineated  is  one  in  which  longer 
periods  of  relatively  linear  response  alternate  with  shorter  periods  of  marked 
change  in  secretion  rate.  This  is  exemplified  by  Fig.  1,  D  which  shows  3  time 
course  curves  derived  from  collection  data  obtained  on  3  separate  occasions, 
one  to  2  weeks  apart,  from  the  same  subject.  In  this  case,  also,  repeated 
observation  has  revealed  a  seemingly  constant  pattern  of  secretion  rate  change 
during  a  total  rate  measurement  period  of  10  minutes  or  less  (Fig.  1,  Z)). 

DISCUSSION 

The  data  presented  show  clearly  that  the  rate  of  parotid  secretion,  when 
observed  at  frequent  intervals  during  a  4-  to  10-minute  total  collection  period, 
may  vary  markedly  during  this  time.  The  character,  course,  and  reproduci¬ 
bility  of  these  variations  seem  to  justify  two  tentative,  preliminary  generaliza¬ 
tions.  First,  even  though  a  degree  of  overlap  is  observed,  the  data  suggest 
that  there  may  be  3  general  patterns  of  time-dependent  change  in  secretory 
rate.  These  involve  (1)  relative  absence  of  marked  rate  change  during  the 
collection  period,  (2)  rapid,  large  fluctuations  in  rate  generally  conferring  a 
degree  of  periodicity  on  the  time  course  of  secretion  and  resulting  in  either  a 
nonlinear  or  linear  over-all  time  course  of  cumulative  flow,  and  (3)  alternation 
of  longer  periods  of  relatively  linear  response  with  briefer  periods  of  marked 
rate  change  leading,  in  this  case,  to  a  periodic  rate  change  which  is  generally 
nonlinear  in  its  time  course. 

The  second  generalization  suggested  by  the  data  concerns  the  constancy 
of  the  rate  pattern  in  any  selected  indi\’idual.  The  available  data  lead  to  the  im¬ 
pression  that,  under  constant  conditions,  rate  patterns  for  each  individual 
show  recognizable  similarity.  Further  work  is,  however,  required  to  confirm 
and  further  substantiate  this ;  the  data  are  too  limited  to  consider  this  relation¬ 
ship  firmly  established. 

Two  methods  of  collection  and  measurement  of  cumulative  secretion  rates 
have  been  employed.  Since  patterns  of  secretion  obtained  by  both  methods 
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appear  comparable  and  since  the  pattern  most  frequently  found  in  these 
experiments  (i.e.,  rate  fluctuation  showing  periodicity)  agrees  generally  with 
the  record  obtained  by  Hildes  and  Ferguson  by  still  a  third  method,-  it  ap¬ 
pears  that  the  observations  reported  here  are  not  artifacts  attributable  to 
methodology. 

The  mechanism  of  the  rate  changes  reported  here  and  also  by  Hildes  and 
Ferguson  is  unclear  and  requires  further  investigation  for  delineation.  Overt 
muscle  contraction  associated  with  deglutition  has  been  carefully  noted  in  the 
present  study,  but  no  correlation  of  such  activity,  or  of  respiratory  movements, 
with  the  observed  changes  in  secretion  rate  has  been  found.  It  is  also  of 
interest  that  the  observations  of  secretoiy  rate  fluctuation  of  Hildes  and 
Ferguson  were  made  using  stimulated  conditions;  our  observations  indicate 
similar  rate  variation  occurs  under  “resting”  conditions.  Nonetheless,  it  may 
reasonably  be  speculated  that  periodic  or  aperiodic  bursts  of  activity  in  gland 
secretory  or  myoepithelial  elements  may  account  for  the  observations  reported. 
Further  investigation  is,  however,  required  to  test  this  jjossibility  as  well  as  the 
possible  influence  of  the  brief-duration  secretion-rate  changes  on  as.sumed  rate- 
de]jendent  processes. 


SUMMARY 

Kate  of  secretion  by  one  parotid  gland  of  each  of  11  subjects  has  been 
observed  at  frequent  intervals  duidiig  a  4-  to  10-minute  period  of  saliva  collec¬ 
tion.  Two  methods  of  recording  cumulative  secretory  flow  wei’e  employed. 
Three  general  patterns  of  flow  rate  change  w'ere  observed:  (1)  flow  rate  may 
remain  relatively  constant  during  the  total  collection  ])eriod;  (2)  flow  rate 
may  show  rapid  periodic  fluctuation;  or  (3)  rate  of  secretion  may  display 
slow  periodic  fluctuation.  The  data,  although  limited,  suggest  that  the  time 
pattern  of  seeretory  flow  is  characteristic  for  the  individual  subject. 
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STUDIES  ON  SALIVARIADENECTOMIZED  HUNT-IIOPPERT 
CARIES-RESISTANT  AND  CARIES-SUSCEPTIBLE  RATS 

II.  Influence  of  Sauvariadenectomy  on  Rate  of  Food  Consumption 
S.  ROSEN,  L.  M.  SREEBNY,*  H.  R.  HUNT,  C.  A.  HOPPERT,  AND  E.  BACHEM 
Michigan  State  University,  East  Lansing,  Mich.,  and  University  of  Illinois,  Chicago,  III. 

A  PREVIOUS  Study  showed  that  salivariadeneetomy  decreased  the  time  for 
initiation  of  caries  in  susceptible  rats  slightly,  but  markedly  decreased 
this  time  in  resistant  rats.^  This  was  consistent  with  previous  results  that 
salivary  flow  was  inversely  related  to  caries  incidence.  Observations  of 
salivariadenectomized  rats  indicated  that  they  were  taking  longer  to  consume 
food  and  were  eating  more  frequently  than  control  rats.  Therefore,  it  is 
conceivable  that  caries  might  have  developed  faster  in  salivariadenectomized 
rats  due  to  the  change  in  mode  of  feeding  rather  than  the  deprivation  of 
saliva.  This  seemed  important  enough  to  justify  a  quantitative  study,  even 
if  the  method  used  lacked  precision.  This  study  was  designed  to  determine 
the  influence  of  salivariadeneetomy  on  the  rate  of  food  consumption  in  the 
rat. 

EXPERIMENTAL 

The  feeding  time  was  observed  on  two  sets  of  experimental  rats  at  either 
2  weeks  or  6  weeks  after  salivariadeneetomy.  The  data  for  the  observations 
at  2  weeks  and  6  weeks  after  salivariadeneetomy  were  combined  because  there 
was  no  mean  difference  between  the  two  groups  and  previous  experiments 
had  shown  that  operated  animals  recover  their  ability  to  consume  as  much 
food  as  control  rats  about  4  days  after  surgery. 

The  method  of  salivariadeneetomy  has  been  given  in  a  previous  report.' 
The  groups  of  animals  are  listed  in  Table  I.  In  the  first  experiment,  a  group 
of  normal  rats  (Control  1)  w^as  compared  to  littermates  of  completely  salivari- 
adenectomized  rats.  In  the  second  experiment,  a  group  of  normal  rats  (Control 
2)  was  compared  to  littermates  which  either  had  a  portion  of  the  parotid  ducts 
removed  and  the  severed  ends  ligated,  or  had  the  submaxillary  and  sublingual 
glands  excised.  The  completely  salivariadenectomized  rats  and  those  in  Control 
1  w'ere  observed  over  a  continuous  24-hour  period  whereas  the  animals  in  the 
remaining  groups  were  observed  for  a  6-hour  interval  from  9:00  p.m.  to  3:00 
A.M.  During  these  6  hours  the  rats  consumed  about  40  per  cent  of  their  daily 
food. 

This  invesUgation  was  supported  by  a  grrant  (D-367)  from  the  National  Institutes  of 
Health,  U.  S.  Public  Health  Service. 
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For  the  actual  observation  period,  the  racks  containing  the  rats  in  wire- 
bottom  cages  were  placed  so  that  one  pei-son  could  observe  about  30  rats 
by  scanning  each  row  of  cages.  A  notation  was  made  eaeh  time  an  animal 
was  observed  consuming  food.  Each  notation  was  treated  as  one  minute  of 
feeding  time.  If  an  animal  eonsumed  food  continuously,  a  notation  was  made 
approximately  every  minute.  The  rate  of  food  consumption  for  each  rat  was 
determined  by  totaling  the  number  of  notations  for  that  animal  and  dividing 
by  the  amount  of  food  eonsumed.  The  term,  rate  of  food  consumption,  desig¬ 
nates  time  required  to  consume  a  unit  of  food  instead  of  amount  of  food 
consumed  in  unit  time.  All  of  the  rats  observed  in  this  experiment  were  given 
food  and  water  ad  libitum. 


RESULTS  AND  DISCUSSION 

The  data  are  given  in  Tables  I  and  II.  The  mean  time  required  by  rats 
in  Control  1  to  consume  a  gram  of  food  was  4.7  ±  0.37  minutes.  Their  com¬ 
pletely  salivariadenectomized  littermates  consumed  a  gram  of  food  in  13.8 
±  2.72  minutes.  The  difference  between  these  groups  is  statistically  significant. 


Table  I 


Effect  of  Salivariadenectomy  on  Rate  of  Food  Consumption 


GROUP 

NUMBER  OF  RATS 

MEAN  TIME  IN  MINUTES 
REQUIRED  FOR  CONSUMP¬ 
TION  OF  ONE  GRAM  OF 
FOOD,  WITH  STANDARD 
ERROR 

Control  1  (normal  rats) 

Submaxillary  and  sublingual  glands  and 

15 

4.7  ±  0.37 

parotid  ducts  removed  (completely  sal- 
ivariadenectomized ) 

}  " 

13.8  ±  2.72 

Control  2  (normal  rats) 

17 

6.3  ±  0.83 

Parotid  ducts  removed 

23 

6.8  ±  0.52 

Submaxillary  and  sublingual  glands  re¬ 
moved 

16 

10.1  ±  0.88 

Table  II 

Statistical  Comparison  of  Results  of  Effect  of  Salivariadenectomy  on  Rate  of 

Food  Consumption 


COMPARISON 

DIFFERENCE 

“t”  VALUE 

LEVEL  OF 

SIGNIFICANCE 

Control  1  with  submaxillary  and 
sublingual  glands  and  parotid 
ducts  removed 

9.1  ±  2.74 

3.32 

<  0.001 

Control  2  with  submaxillary  and 
sublingual  glands  removed 

3.8  ±  1.21 

3.14 

<  0.001 

Control  2  with  parotid  ducts  re¬ 
moved 

0.5  ±  0.98 

0.51 

>  0.5 

Submaxillary  and  sublingual  glands 
removed  with  parotid  ducts  re¬ 
moved 

3.3  ±  1.02 

3.24 

<  0.001 

Control  1  with  Control  2 

1.6  ±  0.91 

1.76 

>0.1 

\oluine  '8 
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Kats  in  Control  2  eon.sunied  a  »rrani  of  food  in  6.3  ±  0.83  minutes.  Al¬ 
though  the  rate  of  food  consumption  for  rats  in  this  control  ^roup  is  greater 
than  for  rats  in  the  first  control  group,  the  dift'ercncc  in  rates  of  food  con¬ 
sumption  is  not  statistically  .significant.  Animals  with  only  parotid  ducts  re¬ 
moved  did  not  show  a  .significant  increase  in  rate  of  food  consumption  over 
littermate  controls,  whereas  those  with  suhmaxillaiy  and  sublingual  glands  ex¬ 
cised  showed  a  significant  incrca.se. 

Rats  which  were  com])letely  .saliva riadencctomized  showed  the  highest 
rate  of  food  consumption.  The  next  highest  rate  of  food  consumption  was 
shown  by  rats  which  had  the  submaxillary  and  sublingual  glands  removed. 
Rats  with  oidy  the  parotid  ducts  removed  showed  a  rate  of  food  consumption 
slightly  greater  than  control  rats.  Studies  now  in  progress  reveal  that  the 
submaxillary  and  sublingual  glands  contribute  about  75  per  cent  of  the 
saliva  in  rats.  Therefore,  these  data  .suggested  that  the  rate  of  food  consump¬ 
tion  is  inversely  related  to  the  amount  of  saliva. 

•SU.M.M.ARY 

Completely  salivariadenectomized  rats  re<|uir(‘d  more  time  than  normal 
control  rats  to  consume  the  same  (juantity  of  food.  Rats  with  submaxillary 
and  sublingual  glands  extiri)ated  also  spent  more  time  in  fi'eding  than  con¬ 
trols.  Rats  with  parotid  ducts  removed  took  only  slightly  longer  than  con¬ 
trols  to  consume  the  same  amount  of  food.  Apparently,  there  is  an  inverse 
relationship  between  the  amount  of  saliva,  and  time  recpiired  to  consume  food. 
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ELECTRON  MICROSCOPY  OF  DEVELOPINO  ENAMEL  MATRIX 
IN  THE  SYRIAN  HAMSTER 
MERVYN  B.  QUIGLEY 

University  of  Alabama  Medical  Center,  Birmingham,  Ala. 

Few  electron  microscopic  studies  of  developing  enamel  have  been  carried  out, 
and  eontradictory  findings  have  been  reported.  Sognnaes,  Scott,  Ussing,  and 
Wycoff*  described  an  early  homogeneous  matrix  which  becomes  fibrillar,  and 
Watson  and  Avery-  have  found  a  fibrillar  matrix  developing  from  the  cytoplasm 
of  the  amelohlast.  The.se  latter  authors  found  no  evidence  of  interrod  substance, 
while  Sognnaes  and  his  eo-workers  were  able  to  describe  this  structure  in  de¬ 
veloping  teeth. 

Watson  and  Avery  felt  that  from  their  evidence  some  ehanges  in  nomen¬ 
clature  were  advisable.  Since  the  term  “prism”  implied  plane  sides  and  the 
suggestion  of  a  single  crystal,  this  was  dropped  in  favor  of  enamel  rod.  The 
rod  was  .shown  to  consist  of  two  parts,  an  inner  rod  “core”  and  an  outer  “rod 
wall.”  “Interprismatic”  or  “interrod”  was  discarded  because  no  substance 
could  be  found  between  the  rods.  ‘  ‘  Rod  ”  or  “  prism  sheath  ’  ’  was  also  discarded, 
since  the  wall  was  found  not  to  surround  the  core  completely. 

Reeently,  Nylen  and  Scott®  have  reported  in  abstract  fonn  on  the  develop¬ 
ing  incisor  in  mice.  They  found  that  in  early  formed  ameloblasts  the  mito¬ 
chondria  were  situated  basal  to  the  ameloblast  nucleus,  and  that  a  band  of  dense 
fibrillar  material  separated  them  from  the  cell  membranes.  The  first  formed 
matrix  was  composed  of  ver\’  fine  fibrils. 

As  part  of  a  larger  study  of  tooth  structure,  developing  enamel  from  the 
inelsors  and  molai*s  of  hamsters  was  examined  by  electron  micro.scopy.  This 
report  deals  with  the  formation  of  enamel  matrix  with  special  regard  to  its 
origin,  arrangement,  and  structure,  and  ehanges  taking  plaee  as  the  tissue  be- 
eomes  older. 

MATERIALS  AND  METHODS 

Developing  enamel  matrix  was  obtained  from  the  molar  teeth  of  newborn 
ham.sters,  and  the  basal  end  of  the  mandibular  incisors  of  fully  grown  hamsters. 
The  hamster  was  chosen  for  the  following  reasons:  (1)  the  ease  with  which  the 
developing  molars  eould  be  dissected  out,  (2)  the  histologic  similarity  of  these 
molars  when  fully  formed  to  that  of  human  beings,  (3)  the  wide.spread  use  of 
the  hamster  in  dental  re.search,  and  (4)  at  the  apical  end  of  the  incisor,  enamel 
eontinues  to  be  formed  throughout  the  life  of  the  animal. 

Under  a  dis.seeting  microscope,  vertical  incisions  were  made  in  the  molar 
areas  of  newborn  hamsters.  The  tooth  germs  were  identified  and  1  per  cent 
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buffered  osmium  tetroxide  (pH  7.2)  poured  on  the  tissue.  After  10  minutes, 
the  tooth  germs  were  earefully  removed,  cut  into  small  pieces  and  further  fixed 
for  2  hours,  rinsed  in  water  for  half  an  hour,  and  dehydrated  in  increasing 
strengths  of  ethyl  alcohol.  The  tissue  was  then  embedded  in  methacrylate  and 
sectioned  on  a  Porter-Blum  microtome  at  200  to  300  A.  The  incisor  enamel  was 
obtained  by  anesthetizing  the  animals  with  intraperitoneal  Nembutal  and  care¬ 
fully  splitting  the  bone  of  the  mandible  to  reveal  the  growing  end  of  the  incisor 
tooth.  Osmic  acid  was  poured  on  as  before  and  the  basal  4  to  6  mm.  of  the  tooth 
removed.  Further  treatment  was  as  for  the  molars. 

Electron  micrographs  were  taken  with  Philips  E.AI.F.,  100  A  at  60  kv. 

No  decalcification  or  shadow  casting  technics  were  used,  since  many  ob¬ 
jections  can  be  raised  regarding  preparation  methods,  which  were  therefore 
kept  as  simple  as  possible. 

RRSULTS 

Because  of  certain  similarities  of  these  results  with  those  of  Watson  and 
Avery, 2  their  suggested  nomenclature  will  be  used  with  certain  exceptions. 
While  agreeing  with  the  idea  of  Watson  and  Avery  of  a  w’all  forming  periph¬ 
erally  while  the  “core”  lags  somewhat  in  development,  it  is  felt  that  the  core 
should  be  considered  a  “rod”  and  therefore  the  wall  would  be  “interrod.”  The 
findings  in  the  molars  of  the  hamster  will  be  de.seribed  first. 

The  first  formed  enamel  matrix  is  fibrillar  in  character,  and  arises  directly 
from  the  ameloblast  cytoplasm.  No  homogeneous  precursor  of  the  matrix  could 
be  found,  no  terminal  bar  apparatus  was  seen,  and  cell  membranes  could  not 
be  found  between  the  ameloblasts  near  the  forming  enamel  matrix  (Figs.  1,  2,  3). 
However,  an  extension  of  ameloblast  cj'toplasm,  presumably  Tomes ’s  process  as 
seen  in  light  microscopy,  protrudes  some  distance  into  this  first  formed  matrix. 
These  extensions  do  not  contain  endoplasmic  reticulum  but  dark  osmophilic 
granules  can  be  seen  (Figs.  1  and  2). 

At  a  slightly  later  stage,  as  the  ameloblast  cell  body  retreats,  this  extension 
or  core  of  c\i;oplasm  becomes  fibrillar,  the  fibrillation  always  commencing  on 
the  same  side  of  the  core,  and  continuing  until  the  core  is  completely  filled. 
Fig.  2  is  a  slightly  oblique  section  showing  a  row  of  fully  fibrillated  cores,  suc¬ 
ceeded  by  a  partially  filled  row,  and  a  nonfibrillated  row  as  the  cytoplasm  of  the 
ameloblast  is  approaehed.  Fig.  3  is  a  higher  magnification  of  part  of  Fig.  2, 
showing  the  abrupt  origin  of  the  fibrils  and  the  continuation  of  the  cytoplasm 
into  the  forming  matrix  as  the  core  or  rod. 

The  columns  of  fibrillar  material  which  separate  the  cort^s  blend  with  each 
other  and  it  is  impossible  to  find  a  dividing  line  between  them  (Fig.  2). 

The  fibrillation  of  the  cores  in  a  definite  pattern  is  shown  in  Fig.  4.  Whereas 
the  first  formed  interrod  matrix  is  more  or  less  at  right  angles  to  the  long  axis 
of  the  core,  the  core  fibers  are  parallel  to  this  axis.  No  structure  identifiable  as 
the  rod  sheath  was  found  in  any  of  the  molar  st‘ctions. 

The  fixation  of  incisor  tissue  was  better  than  that  of  the  molars,  particularly 
in  regard  to  the  cytopla.sm.  This  ean  be  accounted  for  by  the  faet  that  the  older 
animals  were  still  alive  when  the  initial  fixation  was  begun. 
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Fig.  5. — Developing  hamster  incisal  enamel  matrix.  The  younger  enamel  matrix  consists 
of  cytopiasm  (C)  surrounded  by  interrod  fibrils  (/).  Alternate  rows  or  sheets  of  rods  lie  at 
right  angies  to  each  other,  each  sheet  being  more  fibril iated  as  the  incisal  edge  is  approached 
(toward  incisai  edge  i). 

Fig.  6. — Developing  hamster  incisor  matrix.  The  cytoplasm  communication  of  one  sheet 
to  another  is  illustrated  (B).  The  progressive  closure  of  this  communication,  and  the  fibril¬ 
lation  of  the  core  or  rod  from  this  aspect  is  seen  (toward  incisal  edge  J). 
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The  incisor  specimens  bear  out  the  findings  in  molar  enamel.  An  added 
advantage  in  the  incisor  is  that,  as  pointed  out  by  Tomes,®  the  enamel  rods  in 
rodent  incisors  lie  in  alternate  sheets,  each  adjacent  sheet  being  at  right  angles 
to  its  neighbor.  Thus,  in  an  ideal  section,  cross  sections  of  rods  are  seen  be¬ 
tween  two  longitudinal  sections  and  vice  versa. 

Alternate  layers  of  cross  sections  of  rods  between  longitudinal  ones  show 
that  the  interrod  matrix  forms  first  (Figs.  5  and  6).  The  interrod  material 
forms  all  around  the  as  yet  cytoplasmic  rod  except  on  one  side.  This  open  side, 
always  on  the  .same  side  of  the  core  in  a  given  sheet  or  layer  of  rods,  eventually 
closes,  but  ju.st  prior  to  its  completion  fibrillation  of  the  rod  commences  from 
the  open  side  (Figs.  5  and  6).  This  internal  transformation  continues  until  the 
cytopla.sm  of  the  rod  is  completely  filled  with  fibrils.  Before  completion  of  the 
open  part  of  the  interrod  material,  the  cytoplasm  of  one  layer  of  rods  is  con¬ 
tinuous  with  that  of  the  adjacent  layer. 

When  the  rods  are  fully  fibrillated,  the  only  difference  between  rod  and 
interrod  substance  is  the  direction  of  the  fibrils.  In  the  incisor  the  interrod 
substance  is  thicker  between  two  rods  of  the  same  sheet  than  between  rods  of 
adjacent  sheets  (Figs.  7  and  8). 

In  general,  the  incisors  show  the  same  features  as  the  molar  preparations, 
namely,  a  fibrillar  interrod  material  formed  in  advance  of  the  rods,  which  later 
also  become  fibrillar. 

DISCUSSION* 

Electron  microscope  studies  of  adult  enamel  have  failed  to  agree  on  the 
presence  of  interrod  substance.  Berniek,  Baker,  Rutherford,  and  Warren^  re¬ 
ported  none,  while  Takuma,  SuzAiki,  Osawa,  and  Tsuchikura'’  found  abundant 
amounts  on  one  side  of  the  rod  and  total  absence  on  the  other.  However,  as 
these  studies  were  carried  out  with  demineralized  sections,  the  action  of  the 
acid  used  would  be  expected  to  have  some  effect  on  the  delicate  submicroscopic 
fibrils.  In  this  study,  enamel  “rods”  are  used  to  denote  the  portion  of  enamel 
which  is  formed  from  the  cytoplasmic  core  and,  developmentally  at  least,  an 
interrod  substance  is  present. 

Watson  and  Avery*  used  the  term  “wall”  for  what  is  considered  here 
interrod.  However,  they  felt  that  one  ameloblast  was  responsible  for  one  wall 
and  one  core,  or,  in  the  terminology  of  this  paper,  the  interrod  substance  on  one 
side  of  a  rod,  and  the  rod  itself.  The  present  findings  do  not  agree  with  this 
concept.  Instead,  the  interrod  fibrils  were  found  to  mingle  with  one  another, 
so  that  the  impression  was  formed  that  the  interrod  substance  was  a  continuous 
network  or  stroma,  in  which  the  rods  were  formed  .secondarily.  This  idea  is  not 
entirely  new.  Mummery"  stated  that  proces.ses  of  the  ameloblasts  divide  into 
bundles  and  interlace,  to  form  the  greater  part  of  the  enamel  matrix,  the  scaf¬ 
folding  of  each  rod  being  therefore  the  product  of  several  ameloblasts  and  not 
of  one  cell  only. 

The  evidence  is  strongly  in  favor  of  enamel  matrix  arising  by  a  tran.s- 
formation  of,  rather  than  a  secretion  by,  the  ameloblasts.  The  failure  to  find 
cell  walls  and  terminal  bars  also  suggests  a  syncytial  nature  of  the  basal  portion 


V  olume  38 
Number  I 


ELECTKOX  MICKOHCOPV  OF  ENAMEL  MATRIX 


187 


of  the  ameloblasts,  certain  areas  continuous  with  one  another  becominj;  fibrillar 
and  formin"  the  interrod  fibrils,  and,  as  the  ameloblasts  retreat,  the  cytoplasmic 
projections  progressively  forming  into  rods.  Such  an  explanation  would  help 
solve  many  problems  in  enamel  histology.  The  tortuous  course  of  the  fully 
formed  enamel  rods  would  not  necessarily  have  to  be  accounted  for  by  move¬ 
ments  of  the  amelobla.sts  themselves,  and  the  increased  area  of  the  enamel  at 
the  tooth  surface  from  that  at  the  enamel-dentinal  junction  may  result  from 
the  increase  in  the  number  of  cytoplasmic  projections  as  the  enamel  thickens, 
without  the  increase  in  the  number  of  cells.  This  would  result  in  supplemental 
rods,  as  suggested  by  Mummery,’  although  the  existence  of  such  rods  is  denied 
by  those  who  exi)lain  the  difference  in  area  by  a  gradual  taper  of  the  rods  as 
they  proceed  outward. “  At  the  magnifications  shown  here,  even  the  slightest 
taper  of  the  rods  from  the  enamel-dentinal  junction  to  the  surface  would  be 
evident,  and  no  evidence  of  this  has  been  found. 

Rod  sheaths  have  not  been  found  in  this  study.  This  does  not  preclude 
their  existence  in  adult  enamel  since  they  may  result  from  condensation  of  the 
submicroscopic  fibrillar  matrix  at  tbe  periphery  of  the  rods  during  calcification. 
On  the  other  hand,  they  may  be  artifacts  caused  by  acid  treatment  during  de¬ 
calcification.  Further  work  is  planned  to  determine  the  presence  and  nature 
of  the  rod  sheath. 


SUMM.VRY 

Electron  micrograi)hs  of  developing  teeth  of  ham.sters  show  that : 

1.  Enamel  matrix  develops  intracellularly  and  in  two  phases. 

'2.  The  first  formed  matrix  is  the  interr<Ml  material. 

3.  The  rods  develop  from  extensions  of  the  ameloblasts  and  at  first  exi.st  as 
cytoplasm  enclosed  by  the  interrml  substance.  The  transformation  of  the  cyto- 
])lasm  into  fibrillar  material  starts  on  one  side  of  the  rod.  The  fil)er  direction 
is  well  organized.  Those  of  the  rod  run  in  its  long  axis  while  those  of  the  inter¬ 
rod  material  are  at  right  angles  to  the  rod. 

4.  No  rod  sheath  is  found  during  developmental  stages. 
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A  METHOD  OF  MEASUKLNT}  THE  ADHESION  OF  FOODSTUFFS 
TO  TOOTH  SURFACES 
ROBERT  C.  CALDWELL 

University  of  Alabama  School  of  Dentistry,  liirminyham,  Ata. 

BIBBV  and  his  associates'*  *  have  reported  that  foodstuffs  vary  considerahly 
in  their  clearance  from  the  mouth,  an  important  factor  apparently  being: 
the  adhesiveness  of  the  foodstuff.  Lundqvist®  has  also  shown  that  the  rate  of 
oral  clearance  of  carbohydrate  foods  varies  widely,  depending:  agrain  on  the 
physical  properties  of  the  foodstuff.  As  yet,  very  few  invest ig:at ions  have  been 
concerned  with  the  direct  adhesiveness  of  foodstuff  to  tooth  surface  and,  as  in¬ 
dicated  by  Nevin,^  discus.sion  regarding  this  topic  has  generally  remained  quali¬ 
tative  or  subjective. 

This  investigation  is  concerned  with  the  mca.surement  of  the  phenomenon 
of  adhesion  of  food.stuffs  to  teeth,  using  as  a  measure  of  adhesion  the  force 
required  to  break  the  bond  between  the  foodstuff  and  the  tooth  surface.  It  is 
emphasized  that  other  properties  of  the  foodstuff  such  as  solubility,  perme¬ 
ability,  “packing  quality,”'  “pushability,”*  etc.,  may  be  of  as  much  importance 
as  adhesiveness  in  determining  which  foods  will  he  retained  around  the  teeth. 
This  multiplicity  of  factoi's  underlies  the  importance  of  a.sscssing  each  factor 
separately,  so  that  an  understanding  of  the  whole  will  become  possible. 

EXPERIMENTAL  PROCEDURES 

The  mea.surement  of  adhesion  is  problematical  and  is  valueless  if  it  is  not 
clear  what  is  meant  by  adhesion.  In  the  printing  industry,  for  example,  ad¬ 
hesion  usually  refers  to  tackiness,  while  in  the  formulation  of  industrial  glues 
may  different  criteria  are  used  to  evaluate  adhesion,  depending  on  the  use  to 
w'hich  the  material  will  be  put.  Adhesion  in  the  i)re.sent  investigation  is  defined 
as  the  force  w'hich  holds  the  foodstuff  against  the  tooth  surface.  Thus,  an  at¬ 
tempt  is  made  to  measure  this  bonding  effect  by  measuring  the  force  required  to 
break  the  bond  between  a  food.stuff  and  a  tooth  surface. 

Preparation  of  Tooth  and  Metal  S^irfaces. — It  w*as  not  possible  to  measure 
adhesion  on  intact  tooth  surfaces  because  they  are  irregular,  rough,  and  corru¬ 
gated.  Such  surfaces  vary  from  tooth  to  tooth  and  would  be  difficult  to  evalu¬ 
ate.  In  any  case,  “specific  adhesion”  caused  by  molecular  forces  of  attraction 

This  investigation  was  supported  by  Research  (Irant  D-327-C  from  the  National  Institute 
of  Dental  Research  of  the  National  Institutes  of  Health,  U.  S.  Public  Health  Service. 

Presented  at  the  36th  General  Meeting  of  the  International  Association  of  Dental  Re¬ 
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on  dense  surfaces,  such  as  crystal  surfaces,  is  now  considered  to  be  the  main 
type  of  adhesion  which  occurs.  Accordinj;  to  I)e  Bruyne  and  Ilouwink,®  the 
mechanical  “locking”  effect  which  would  vary  on  rou^h  surfaces  is  not  so  im¬ 
portant  as  was  previously  considered.  For  these  reasons,  the  crowns  of  caries- 
free,  extracted,  human,  central  incisor  teeth  were  polished  to  expose  a  flat  area 
of  enamel  for  test  purposes.  The  labial  surfaces  of  several  teeth  were  ground 
flat  on  a  rou^h  carborundum  wheel  and  the  teeth  eml)edded  in  quick  curing: 
acrylic  resin  or  Solectron  5119*  with  the  flattened  labial  surfaces  level.  PolLsh- 
in»  was  completed  usin^  increasingly  fine  abrasive  papers.!  All  polishing  pro¬ 
cedures,  except  the  brief  final  polish  with  emery  paper,  were  done  with  the 
paper  and  the  tooth  wet.  No  dentin  was  exposed  or  the  tooth  was  discarded. 
The  average  area  of  flat  enamel  available  was  approximately  0.05  sq.in.  Pairs 
of  enamel  surfaces  were  then  trimmed  to  the  same  surface  area  with  sandpaper 
discs. 

The  polished  teeth  were  prepared  for  mounting  in  the  adhesion  tester  as 
shown  in  Pig.  1,  .1.  Two  brass  holders  were  fashioned  and  the  polished  tooth 
surfaces  (1)  fixed  to  the  brass  holders  with  quick  curing  acrylic  resin  (2).  Two 
tapering  pins  (3)  were  used  to  guide  the  surfaces  together  accurately.  The 
brass  holders  were  then  fixed  in  the  clamps  of  the  adhesion  tester  as  in  Fig.  1,  li. 
On  the  left  of  Fig.  1,  B  is  a  fixed  clamp  ( 1)  with  a  pulley  wheel  (5).  On  the 
right  is  seen  a  clamp  (6)  which  is  attached  to  the  end  of  a  trolley.  The  tooth 
surfaces  (1)  are  pressed  together  by  a  weight  (10,  Fig.  C)  hanging  from  a 
cord  which  runs  over  the  pulley  (5)  and  is  attached  to  the  clamp  (6).  The  test 
food  is  placed  between  the  two  tooth  surfaces  and  pressure  applied  with  the  cor¬ 
rect  weight  needed  to  exert  a  force  of  75  lb./s(j.in.  for  60  seconds.  Each  pair  of 
tooth  surfaces  has  a  different  area,  so  it  is  necessary  to  measure  this  area  of 
contact  accurately  and  to  calculate  the  actual  loading  weight  necessary  to  apply 
the  standard  75  Ib./sq.in.  which  is  used  to  scpieeze  the  test  food  t)etween  the 
enamel  .surfaces. 

The  machine  used  for  the  adhesion  tests  is  the  Serigraph.J  This  machine, 
as  shown  in  Fig.  1,  C  and  D,  is  a  Scott  1.P.-4  tensile  strength  tester.  It  con¬ 
sists  of  a  long  rigid  plane  on  which  rests  the  trolley  (7).  The  test  material 
is  attached  between  one  end  of  the  trolley  and  the  fixed  clamp  (4)  on  the  plane. 
To  test  the  tensile  strength  of  the  adhesion  Iwnd  between  the  food  and  the  tooth 
surfaces,  the  plane  can  be  tilted  as  shown  in  Fig.  1,  D  and,  as  the  plane  inclines, 
the  trolley  tends  to  run  down  the  sloping  surface.  Since  the  applied  weight 
of  the  trolley  increases  with  the  steepness  of  the  angle,  eventually  the  material 
is  broken  and  the  trolley  runs  down  the  plane.  As  it  does  so  the  breaking 
strength  of  the  food-tooth  b.ond  is  automatically  recorded  on  a  calibrated  chart 
(9).  In  the  present  work,  a  1  lb.  trolley  was  used,  and  the  rate  of  loading  was 
0.4  inch  per  second. 

•Pittsburgh  Plate  Glass  Co.,  Pittsburgh,  Pa. 

tTufback.  Durlte  Waterproof  Paper  No.  120-C,  180-C.  246-A,  320-A.  400-A,  600-.\.  and 
Emery  Polishing  Paper  No.  0  from  Behr-Manning  Co.,  Troy,  N.  Y. 

JSoott  Te.sters  (Southern),  Ine.,  101  Black.stone  Street,  Providence,  R.  I. 
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(Justatsson**  has  made  measuroinents  of  the  adhesion  of  food  prei)arations 
to  stainless  steel  plates.  If  there  is  no  diflferenee  between  values  obtained  on 
human  teeth  and  metal  surfaces,  it  would  be  much  more  convenient  to  use  a 
metal  surface.  To  evaluate  the  imimrtanee  of  this  factor,  different  metal  and 
enamel  surfaces  were  polished  in  the  same  way  as  the  human  tooth  enamel. 
Brass,  copper,  stainless  .steel,  human  tooth  enamel,  and  cow  tooth  enamel  (labial 
surfaces  of  permanent  lower  anteriors)  were  compared,  usinf;  a  mixture  of  200 
ni}?.  of  corn  flakes  (jrrit  .size  20-80)  to  0.1  ml.  of  water. 


A. 


B. 

Fife-.  1. — A,  Poli.shed  tooth  surfaces  (/)  mounted  in  acrylic  resin  (i)  with  steel  ^ide 
pins  (^). 

B,  Tooth  surfaces  (/)  in  fixed  clamp  (J)  and  trolley  clamp  (6').  Pulley  wheel  (.5). 

Food  Testing. — 

A.  In  vivo  materials:  It  was  considered  of  interest  to  develop  a  method 
to  measure  the  adhesiveness  of  foodstuff's  immediately  after  they  have  been 
chewed  in  the  mouth.  It  would  be  best  to  measure  adhesiveness  intraorally, 
but  this  has  not  been  po.s.sible.  A  compromise  was  made  by  having  the  subject 
eat  a  portion  of  the  food  in  the  customary  way  and  after  the  main  bolus  of  food 
had  been  swallowed  and  after  chewing  movements  of  the  tongue  and  cheeks 
were  completed,  the  food  adhering  to  the  tooth  surfaces  (mainly  lower  posterior 
occlusal  surfaces)  was  rapidly  scraped  off  the  teeth  with  dental  instruments. 
This  food-.saliva  .sample  was  immediately  placed  betw'een  the  test  enamel  sur¬ 
faces  mounted  in  the  Serigraph,  and  the  adhesion  recorded  as  described.  To 
compensate  for  variations  in  this  technic  each  food  was  tested  ten  times  on  each 
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Flgr.  1. — Cont’d.  C,  Adhesion  tester  with  inciinahie  piane  (8).  Fixe<i  ciamp  (I),  troiley 
ciamp  (6)  an<i  troliey  (7).  Cailbrateri  chart  (9)  an(i  weight  (/»). 

D,  Piane  (8)  inciineri  with  troliey  (7)  at  lower  end  of  plane  after  food-tooth  bond  has 
broken. 
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subject  and  the  adhesion  values  averaged  and  the  standard  deviation  calculated. 
Between  each  measurement  the  tooth  surfaces  are  washed  with  water  and  ether 
and  air  dried.  All  experimental  procedures,  including  the  collection  of  the  food¬ 
stuff  from  the  mouth,  are  conducted  in  a  constant  temperature  and  humidity 
room  (70°  F.,  65  percent  R.IL). 

B.  In  vitro  materials:  The  above  technic  is  an  in  vivo  procedure  as  far  as 
the  food  preparation  is  concerned.  The  actual  measurement  of  adhesion  is  an 
in  vitro  method.  To  test  the  accuracy  of  the  method,  weighed  amounts  of  a 
foodstuff  (corn  flakes,  grit  size  20-30,  U.S.  Standard  Sieve  Scries)  were  mixed 
with  known  (juantities  of  the  .same  subject’s  saliva  (collected  on  ice  1  to  2  hours 
after  eating').  Similar  mixes  were  made  with  water  and  corn  flakes.  These 
were  shaken  for  30  seconds  in  a  Wig-l-bug,*  the  resulting  mixes  being  visually 
indistinguishable  from  the  chewed  foodstuff  recovered  from  the  mouth.  Prior 
to  weighing,  the  corn  flakes  were  left  for  several  hours  to  equilibrate  with  the 
atmosphere  in  the  constant  temperature  and  humidity  room.  Such  test  ma¬ 
terials  were  immediately  measured  in  the  adhesion  tester  after  the  mechanical 
mixing. 

RESULTS 

A  comparison  of  the  adhesiveness  of  various  foodstuffs  will  be  reported  later. 
The  re.sults  in  this  communication  are  confined  to  an  evaluation  of  the  apparatus 
as  a  testing  procedure. 

Adhesion  to  Different  Surfaces. — Table  I  records  the  values  for  corn  flakes- 
water  mixtures  on  different  surfaces.  There  is  little  difference  among  the  values 
for  human  teeth,  cow  teeth,  and  brass.  Copper  and  .stainless  steel  have  clearly 
different  values. 


Table  I 

The  Adhesiveness  of  Corn  Flakes-Water  Mixti  res*  to  Different  Scrfaces 

Human  teeth  11.3  ±  1.0 

Cow  teeth  12.3  ±  0.6 

Brass  12.5  ±  1.5 

Copper  14.4  ±  1.7 

Stainle.ss  steel  7.3  ±1.0 

•0.1  ml.  of  water/200  mg.  corn  flakes.  Values  expressed  In  Ib./sq.in.  ±  S.D. 

Adhesiveness  of  In  Vitro  Mixtures. — Fig.  2  is  a  graph  depicting  adhesion 
plotted  against  dilution  for  mixes  of  corn  flakes  with  water  or  saliva.  These 
values  are  all  of  in  vitro  food  mixtures  mixed  in  a  Wig-l-bug.  Each  point  on 
the  graph  is  the  average  of  ten  consecutive  measurements  and  each  point  was 
made  on  different  days.  Repeat  measurements  at  the  same  dilution  were  made 
in  .several  instances.  When  the  mixture  was  dilute,  adhesion  was  low  and  as 
the  mix  became  thicker  it  was  more  adhesive.  After  reaching  a  value  of  10  to 
11  Ib./sq.in.  (water-corn  flakes),  or  5  to  6  Ib./sq.in.  (saliva-corn  flakes),  the  mix 
was  too  stiff  to  measure  accurately  in  the  tester,  but  it  was  apparent  that  ad¬ 
hesion  fell  off.  When  the  mix  was  completely  dry  no  adhesion  was  mea.surable. 


'Crescent  Dental  Manufacturinp  Co..  1839  S.  Pulaski  Rd.,  Chicago  23.  Ill. 
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Differences  in  adhesion  values  (10.2  ±  0.8  [S.D.]  and  10.7  ±  0.9  [S.D.] 
Ib./sq.in.)  for  two  mixes  of  water  and  corn  flakes  at  the  same  dilution  (200  mg. 
])cr  0.10  ml.)  were  considered  to  be  insignificant  (0.05  <  P  <  0.1  -  Student 
“t”  test).  The  difference  in  adhesion  values  (10.2  ±  0.8  (S.D.]  and  7.0  ±  1.3 
|S.I).]  Ib./sq.in.)  for  low  (200  mg.  per  0.10  ml.)  and  high  (200  mg.  per  0.20 
ml.)  dilutions  were  considered  to  be  significant  (0.001  <  P  <  0.005  -  Student 
“t”  test).  The  lines  drawn  on  the  graph  reveal  that  variations  occur  in  ad¬ 
hesion  values  for  corn  flake  preparations.  These  are  thought  to  l)e  due  to  dif¬ 
ferences  in  food  from  different  packages,  experimental  error  in  the  technic  and, 
in  the  case  of  the  saliva  mixes,  slight  daily  variations  in  saliva. 


Kip.  2. — Cuinparisun  of  the  adhesiveness  of  mixtures  of  corn  flakes  made  with  water  and 

saliva. 


Although  the  saliva  of  the  subject  on  different  days  may  alter  the  adhesive¬ 
ness  of  the  food,  the  values  followed  a  general  trend  fairly  well.  It  was  con¬ 
sistently  demonstrated  that  the  saliva  mixes  were  less  adhesive  than  the  water 
mixes.  Similar  daily  tests  with  different  foods  (caramel,  bread,  gingersnaps, 
etc.)  supported  the  general  conclasion  that  it  is  possible  to  differentiate  between 
the  adhesiveness  of  different  foodstuffs  mixed  with  water  or  saliva.  In  a  later 
paper,  a  comparison  of  the  adhesiveness  of  foods  will  be  reported.* 


•The  measurement  of  the  tensile  strength  of  any  bond  must  be  conducted  with  certain 
controlled  factors  present.  Careful  examination  of  the  ruptured  bond  should  show  a  clean 
break  between  the  adhesive  and  the  surface.  If  a  thin  bond  breaks  so  that  the  material  is 
left  partly  on  both  surfaces  this  is  acceptable  only  where  the  pattern  of  rupture  shows  that 
no  cohesive  failure  of  this  bond  has  occurred.  Such  cohesive  failure  would  leave  material 
covering  both  surfaces,  in  part  or  completely.  Cohe.sive  failure  was  avoided  in  the  present 
work  by  using  thin  bonds  (2  to  7/1000  inch). 
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DISCUSSION 

Any  procedure  for  testing  adhesion  is  debatalile.  This  is,  in  part,  due 
to  the  complex  nature  of  the  jiroperty  of  adhesion  which  in  many  instances 
cannot  he  reduced  to  a  single  measurement.  Under  different  conditions  and 
when  differently  defined,  the  reported  value  will  change.  Another  problem 
concerns  defects  in  mechanically  testing  adhesion  bonds.  This  is  illustrated 
in  Fig.  3,  wherein  Heinhart**  explains  the  discrepancy  between  the  adhesion 
measured  and  maximum  adhesion  po.ssible. 

It  has  been  clearly  demonstrated  that  the  adhesiveness  of  a  food  under  dif¬ 
ferent  conditions  can  be  comi)are<l  (Table  I  and  Fig.  2).  Thus,  the  fii*st  ol)- 
jective  has  been  realized  and  it  is  i)lanned  to  use  this  type  of  apparatus  to  com¬ 
pare  the  adhesiveness  of  a  variety  of  different  food.stuffs  to  the  tooth  surface 


A- MAXIMUM  ADHESION- CAUSED  BY  FORCES  OF  MOLECULAR  ATTRACTION 


MAXIMUM  BONO  STRENGTH  POSSIBLE 

B- INHERENT  STRENGTH  OF  BOND 

J 

L-LOSS 

OCTERMINED  BY  ABILITY  OF  MOLECULES  OF  ADHESIVE  AND  AOHERCNO 
TO  ATTAIN  MOLECULAR  NEARNESS  DEPENDS  ON  WCTTINC  OF 

adherend  by  adhesive 


CAUSED  BY 
INCOMPLETE 
WETTINO 


C- RESIDUAL  STRENGTH  OF 
BONO _ 


D-MEASURED  STRENGTH 
^  OF  BOND 


S- internal  STRESS  ON 
BOND 


DEFECTS  IN  TEST  MAY  PRODUCE  UNMEASURED 
STRESS  ON  BONO  E.  OR  REDUCE  EFFECT  OF 
internal  stress  on  BONO,  F 


breaking  of  BONO  BY 
externally  applied  stress 

THIS  CHART  IS  QUALITATIVE.  NOT  QUANTITATIVE,  NO  SiQNIFICANCE  IS  ATTACHED  TO  THE 
relative  lengths  OF  the  lines  a  is  always  greater  than  b,  and  b  greater  than  C 

—Relations  between  the  factors  involved  in  adhesion 


Kiir.  3.  ( From  F.  W.  Reinhart,  Survey  of  Adhesion  ajid  Types  of  Bonds  Involved,  John  Wiley 

&  Sons,  Inc.,  19.54.) 


under  different  condition.s.  Any  treatments  to  the  enamel  surface  with  the  ob¬ 
ject  of  reducing  food  adhesiveness  can  also  be  evaluated.  At  present,  this  work 
is  being  carried  on  and  some  results  are  reported  in  the  accompanying  paper. 

Although  no  work  has  l)een  done  to  mea.sure  the  plasticity  or  “pushability” 
of  foods,  this  apjiaratus  could  perhaps  be  modified  for  this  purpose  by  placing 
the  test  fo(Kl  at  the  lower  end  of  the  trolley  (7)  and,  as  the  plane  (8)  inclines, 
the  resistance  of  the  food  to  the  applied  weight  could  lie  recorded.  This  might 
lie  po.ssible  since  the  machine  is  not  only  calibrated  to  measure  tensile  strength 
in  hundredths  of  a  pound,  but  also  to  measure  “stretch”  in  tenths  of  an  inch. 
Incidentally,  no  “.stretch”  was  observed  in  the  adhesive  bonds  measured. 
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There  are  other  testei's  available  which  would  probably  l)e  even  more  ac¬ 
curate  than  the  Scott  I.P.-4  used  in  this  investifjation.  The  smaller  Scott  I.P.-2 
tester  or  the  newer  testers  employinf?  strain  fjaufjes  would  be  more  suitable  for 
measuring;  the  low  values  which  are  recorded  with  breads  and  some  other  foods. 

One  valid  objection  to  the  test  procedure  is  the  routine  use  of  75  lb./.s<i.in. 
to  press  the  food  between  the  teeth.  It  is  realized  that  the  plasticity  of  dif¬ 
ferent  food  mixtures  will  affect  the  thickness  of  the  bond  produced  if  a  standard 
force  is  always  used  to  press  the  teeth  together.  This  means  that  it  is  not  cor¬ 
rect  to  assume  that  such  bonds  will  have  the  same  .strcn*;th.  The  alternative  is 
to  standardize  the  bond  thickness.  In  the  present  work  this  was  not  practicable 
because  thick,  easily  standardized  bonds  often  lesulted  in  cohesive  failure  while 
the  more  satisfactory  very  thin  lx)nds  were  not  easily  standardized  in  thick¬ 
ness.  It  was  ob.served  by  usinfr  various  foods  removed  from  the  mouth,  that  the 
bonds  produced  at  75  lb./s(|.in.  were  of  similar  thickness  (2  to  7/1000  inch) 
because  the  mixes  are  all  fairly  soft.  Thus,  differences  in  adhesion  of  different 
f(K)d  preparations  are  not  strictly  comparable  on  a  pound  per  scpiare  inch  basis, 
but  are  closely  comparable.  If  the  purpose  of  the  apparatus  is  to  measure  dif¬ 
ferences  in  adhesion  which  can  l)e  produced  by  altering  a  f(KMl  or  a  tooth  surface, 
then  no  such  objection  would  exist. 

If  ])rocedures  involviii};  a  lar^e  numl)er  of  teeth  are  contemplated,  it  is 
felt  that  cattle  teeth  could  be  used.  The  adhesion  of  foodstuffs  to  cattle  and 
human  enamel  surfaces  was  similar.  It  seems  imi)ortant  to  use  such  biologic 
material  rather  than  metal  surfaces,  because  adhesion  is  known  to  depend  on 
forces  of  intermolecular  attraction  and  other  .surface  phenomena  such  as 
“wetting”  which  are  not  likel.v  to  be  reproduced  on  an  artificial  surface. 

The  difference,  recorded  in  Fi*;.  2,  l)etween  corn  flake-water  mixes  and  corn 
Hake-saliva  mixes  is  interestiii}?.  Recentl.v,  Swenander  Lanke^"  has  investigated 
the  influence  of  certain  properties  of  foodstuffs  and  individual  oral  conditions 
on  the  salivary  suffar  level.  Amon<r  other  factors  which  would  influence  .sufrar 
elimination  from  the  mouth  are  the  protein  or  frluten  content  of  the  cereal  and 
the  amyla.se  content  of  the  saliva.  Accordiii};  to  Swenander  Lanke,  a  ffluten 
rich  bread  would  bt*  retained  less  time  than  bread  containin*;  less  {jluten,  and 
amylase  rich  saliva  would  favor  a  more  I'apid  clearance  of  starch.  Our  measure¬ 
ments  revealed  that  saliva  produces  a  considerably  le.s.s  sticky  mix  with  corn 
flakes  than  does  water,  and  it  seems  that  the  amylolytic  properties  of  saliva 
may  be  of  considerable  importance  in  reducin*;  the  adhesiveness  of  starch  in 
the  mouth. 

At  the  present  time,  further  work  is  in  progress  to  improve  the  testing 
procedure  and  it  is  hoped  that  such  a  test  procedure  will  be  of  value  in  comsid- 
erations  on  the  diverse  phenomena  associated  with  intraoral  food  retention. 


Sr.M  M.VRY 

1.  A  method  has  been  developed  for  measuring  the  adhesion  of  foodstuffs 
to  tooth  surfaces.  This  involves  modification  of  a  standard  tensile  strength 
te.ster  to  measure  the  strength  of  food-tooth  bonds  in  pounds  per  square  inch. 
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2.  It  is  possible  to  compare  the  adhesiveness  of  a  foodstwff  under  different 
conditions,  and  also  to  compare  the  adhesiveness  of  different  foods. 

3.  Variations  noted  in  the  adhesiveness  of  foodstuffs  on  different  test  sur¬ 
faces  demonstrate  the  importance  of  usin^  enamel  surfaces  in  such  measure¬ 
ments. 

4.  Alternative  uses  and  limitations  of  the  apparatus  were  reported. 

The  author  wi.she.s  to  acknowleilge  the  cooperation  of  Southern  Re.search  Institute, 
Binninghani,  Ala.,  in  making  the  Scott  I.P.-4  tester  available  for  this  study.  Part  time 
technical  assistance  was  rendered  by  Osmund  Appling  Coleman  and  Bryant  Gordon  Speed, 
dental  students. 
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DEVELOPMENT  OF  COATINOS  FOR  APPLICATION  TO  TEETH 

ROBERT  C.  CALDWELL,  ANNE  GALLAGHER,  AND  R.  WINSTON  LIGGETT 

Fniversity  of  Alabama  School  of  Dentistry  and  Southern  Eesearch  Institute, 

Birmingham,  Ala. 

ONE  approach  to  the  prevention  of  dental  caries  is  to  form  a  protective  coating  on  the 
tooth  surface.  Long  chain  aliphatic  amines  have  been  used  for  this  purpose  (Green, 

H.  W.,  and  Walsh,  J.  P.:  J.  D.  Res.  30:  218,  19.51).  The  use  of  silicones  in  dental  practice 
has  been  reported  (Phatak,  N.,  Savara,  B.  S.,  and  Dement,  .1.:  .1.  1).  Res.  34:  788,  19.55, 

and  Savara,  B.  S.,  Phatak,  N.  K.,  and  Dement,  J.  A.:  .1.  D.  Res.  37:  24,  1958),  and  many 
coating  materials  show  promise  for  dental  applications  (McGregor,  R.  R.,  Silicones  in  In¬ 
dustry,  New  York,  19.54,  McGraw  Hill). 

For  a  coating  to  be  successful  it  should  adhere  to  the  enamel  surface  for  a  reason¬ 
able  length  of  time  an<l  be  resistant  to  wear,  and  to  the  action  of  salivary  enzymes  and 
their  product.s.  Coatings  preparetl  from  organic  derivatives  of  silicone,  phosphorus,  and 
titanium  were  chosen  as  most  likely  to  meet  these  requirements. 

Materials  and  Methods. — The  teeth  used  were  lower  incisors  from  cattle.  The  teeth 
were  washe<l  in  water  and  cleaned  by  lightly  brushing  the  surface  with  a  slurry  of 
pumice. 

It  was  decided  early  that  the  tooth  surface  would  have  to  be  “primed”  to  produce  an 
adhesive  .surface  before  the  coating  was  applie<l. 

Tetrabutyl  orthotitanate  was  u.sed  as  a  primer  in  2  per  cent  solution  in  V.M.  &  P. 
naphtha  painted  on  the  teeth  and  allowed  to  air  dry  for  5  minutes.  In  other  attempts  to 
obtain  an  adhesive  surface,  silicone  adhesives  were  used.  As  suggested  by  Buonocore 
(.r.  1).  Res.  34:  749,  1955),  Eastman  910  adhesive  (a  cyanoacrylate  monomer)  was  also 
used  as  a  primer. 

For  coating  the  tooth  surface  many  monomers  and  polymers  were  used.  Only  a  few 
titanium  and  phosphorus  compounds  w’ere  available,  so  most  effort  w’as  directed  to  in¬ 
vestigations  of  silicone  compounds. 

To  evaluate  the  coatings,  the  teeth  were  stored  in  water  at  room  temperature  for 
2  month.s.  The  teeth  were  then  examined  for  discoloration,  peeling,  or  “tacking”  of  the 

coating.  The.  water  repellency  of  th«^  i»nnting  wmm  Ki-  the  flow  charac- - - 

tcristics  of  a  blue-black  permanent  ink  across  the  surface.  Satisfactory  coatings  were 
tested  by  comparing  the  adhesiveness  of  a  food  to  a  tooth  surface  before  and  after  coat¬ 
ing.  A  tensile  strength  measurement  of  food-tooth  bonds  was  made  (Caldwell,  R.  C.: 

J.  D.  Re.s.  38:  188,  1958)  with  mixtures  of  200  mg.  of  corn  flakes  and  0.1  ml.  of  water. 

Results  and  Conclusions. — Use  of  a  primer  prior  to  application  of  the  protective  coat¬ 
ing  improves  the  effectiveness  of  the  applied  coating.  The  most  satisfactory  primer  wa.^ 
tetrabutyl  orthotitanate.  The  silicone  adhesives  were  unsatisfactory  because  subsequent 
coatings  were  tacky  or  peeled  off  the  teeth.  Application  of  a  2:1  mixture  of  Dow  Corning 
200  Fluid  (350  centistokes)  (a  dimethylpolysiloxane),  and  Tennessee  Eastman  Chemical  Prod¬ 
ucts’  910  adhesive  (cyanoacrylate  monomer)  resulted  in  a  water-repellent,  nonpeeling  coating. 
Dow  Corning  200  Fluid  (350  centistokes)  applied  over  tetrabutyl  orthotitanate  also  gave  a 
satisfactory  result.  Tensile  strength  results  ranged  from  a  69  per  cent  reduction  to  37  per 
cent  increase  in  adhesion,  but  after  7  days  in  water  the  re<luction  in  adhesion  was  no 
longer  apparent. 

Supported  by  Research  Grant  D-327  from  the  National  Institute  of  Dental  Research  of 
the  National  Institutes  of  Health. 

Received  for  publication  Nov.  12,  1958. 

•Short  notes  with  or  without  Illustrations  submitted  to  this  section  are  reviewed  an<l 
published  promptly  on  one  page  of  the  Journal  in  accordance  with  the  previously  announced 
editorial  policy  (J.  D.  Rea.  37;  .773,  1958). 
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LYMPHATIC  DKAINAGE  OF  TEETH  IN  DOGS  DEMONSTRATED  BY 
RADIOACTIVE  COLLOIDAL  GOLD 
LEON  KRAINTZ,  CHARLES  I).  TYLER,  AND  BENTON  R.  ELLIS 
University  of  Texas  Dental  liranch,  Houston,  Texas 

The  pi*esenoe  of  lympliatic  drainag:o  from  the  teeth  has  not  been  satisfac¬ 
torily  demonstrated  by  conventional  methods.  Fish  (J.  A.  D.  A.  14:  804- 
817,  1927)  demonstrated  the  “ circulation ”  of  lymph  in  the  dentin  and  enamel 
of  do^s’  teeth  by  the  use  of  dyes  and  India  ink. 

In  an  attempt  to  investigate  further  the  lymph  flow  in  this  area  and  its 
subsequent  drainage  by  the  lymph  nodes,  radioactive  colloidal  gold  (Au'®®)  was 
placed  in  a  cavity  preparation  extending  into  the  dentin  of  a  lower  cuspid  tooth. 
The  preparation  was  then  sealed  with  a  low  fusing  wax.  The  radiogold  was 
allowed  to  stay  in  the  tooth  for  4  hours.  At  the  end  of  that  time  the  left  and 
right  submandibular  lymph  nodes  were  I'emoved,  as  were  the  cervical  and 
inguinal  lymph  nodes.  Assays  for  radioactivity  were  done  by  placing  each  of 
the  nodes  in  vials  which  fitted  into  a  scintillation  counter.  Since  Au'®®  emits 
gamma  rays,  no  additional  stunple  preparation  was  neeessiiry.  The  subman¬ 
dibular  lymph  node  on  the  same  side  as  the  tooth  in  which  the  radiogold  was 
placed  contained  detectable  radioactivity  four  or  five  times  above  background. 
No  detectable  radioactivity  was  present  in  the  other  lymph  nodes  sampled, 
indicating  that  the  colloidal  gold  did  not  enter  the  general  lymphatic  circula¬ 
tion  in  significant  amounts.  The  amount  of  radioactivity  present  in  the  lymph 
node  in  relation  to  the  total  radioactivity  introduced  into  the  tooth  represented 
le.ss  than  0.001  per  cent.  The  use  of  the  radioactive  colloidal  gold  in  this  type 
of  experiment  enabled  us  to  determine  the  extremely  minute  but  significant 
transfer  of  the  colloidal  gold  through  the  dentin  via  the  lymphatics  and  hence 
to  the  submandibular  lymph  node. 

These  experiments  were  repeated  in  8  dogs  and  positive  results  were  ob¬ 
tained  in  6  of  the  animals.  Factors  such  as  the  physical  occlusion  of  the  dentinal 
tubules  during  the  preparation  and  the  age  of  the  dog  may  be  responsible  for 
the  two  negative  results. 

Because  of  the  short  half-life  of  the  Au'®®  and  the  relatively  low  radio¬ 
activity  levels,  the  autoradiographic  visualization  of  the  pathway  could  not  be 
determined.  The  lot-alization  of  the  radioactivity  in  the  lymph  node  draining 
the  tooth  is  presumptive  evidence  for  lymphatic  drainage  of  this  structure. 


Supporte<l  in  part  by  N.I.H.  Training  tJrant  I)T-17. 
Keceived  for  publication  Nov.  20,  1958. 


V’olumc  38 
Number  I 


RESEARCH  ANNOTATIONS 


190 


A  MKTHOD  FOR  PRODUCING  FLUORIDti-FREE  SALTS  AND  A 
FLUORIDH-FREE  DIET 
J.  F.  M(U’LENIK)X 

X-Ray  I)f  partment,  Albert  Einstein  Medical  Center,  Northern  Division,  Philadelphia,  Pa. 

Attempts  were  made  to  remove  fluoride  from  ordinary  foodstuffs.  For  example:  casein, 

^  precipitated  from  milk  by  centrifuging  at  50,000  r.p.m.,  contained  1  ppm  fluorine.  By 
washing  with  fluorine-free,  isoele<‘tric  water,  this  could  Ih»  reduced  to  0.2  ppm  but  not  entirely 
eliminated. 

Although  water  could  la*  freed  from  fluorine  by  re-distillation  from  alkali,  sulfuric 
and  phosphoric,  acids  could  l)e  freed  from  fluoride  by  adding  water  and  boiling  in  glass  or 
silica  vessels,  and  sodium  and  pota.ssium  salts  could  be  freed  from  fluoride  by  repeated  re¬ 
crystallizations.  This  was  not  possible  with  calcium  salts.  Reagent  grade  calcium  salts  con- 
taine<l  about  1  to  6  ppm  of  fluorine  which  accompanied  the  calcium  through  all  precipitations 
and  crystallizations.  It  was  found,  however,  that  in  the  precipitation  of  calcium  phosphate 
(hydroxyapatite),  the  first  precipitate  formed  was  higher  in  fluorine  than  that  formed  later; 
in  fact,  the  last  of  the  precipitate  to  come  down  was  fluoride- free,  since  all  the  fluoride  in 
tlie  solution  had  been  used  in  forming  fluorapatite  of  the  hydroxyapatite  first  formed. 

Tliree-tenths  gram  molecule  of  reagent  calcium  chloride  was  dissolved  in  water  to  make 
1  L.  and  0.2  gram  molecule  of  tri.sodium  phosphate  in  a  similar  liter.  The  sodium  phosphate 
solution  was  stirred  into  tlie  liter  of  calcium  cliloride  solution  and  tlie  prwipitate  of  hydroxy¬ 
apatite  was  separated  and  placed  in  a  column  with  filter  at  the  bottom.  The  fluoride  was 
removed  from  solutions  of  various  salts  by  passing  through  this  column. 

Since  so  many  chemical  compounds  are  needed  to  make  up  a  synthetic  diet  and  since 
1  failed  in  removing  the  fluorine  from  the  first  tried  (casein),  I  grew  food  in  fluoride-free, 
nutrient  solution.  Rain  water  caught  on  an  aluminum  roof  10  miles  from  the  nearest  open 
hearth  furnace  and  70  miles  from  the  sea  contained  0.002  to  0.004  ppm  of  fluorine.  Several 
different  brands  of  anion  exchangers  were  set  up  and  the  rain  water  passed  through  then:, 
the  Amlierlite  IR*  removing  tlie  most  fluorine.  This  was  then  treated  with  4  per  cent  alumi¬ 
num  chloride  and  washed  with  distilled  water  until  the  wasliings  were  free  from  chloride. 
Wlien  the  rain  water  was  passed  through  a  20-inch  column  of  this  aluminum-treated  Amt)er- 
lite  IR-*,  no  fluorine  could  l)e  detected  in  it. 

The  method  of  Shive  and  Robbins  (N.  J.  Agric.  Exper.  Sta.  Hull,  636:  5,  1942)  was 
u.sed  to  produce  fluoride-free,  hand  pollinated,  yellow  corn  by  removing  the  fluorine  from 
eacli  ingredient  of  the  nutrient  solution.  Yeast  was  grown  in  a  decoction  of  fluoride-free 
corn  stalks  and  additives  in  fluoride-free  water. 

Ten-gram  .samples  of  the  corn,  yea.st,  and  a  complete  diet  were  burned  in  a  platinum 
tube  and  analyzed  by  the  method  of  McClendon  and  Foster  (Indust.  4'  Engin.  Chem.  {Anal. 
Ed.}  13:  280,  1941).  This  method  showed  an  error  of  7  iK‘r  cent  in  analyzing  1  /jg  of 
fluorine  added  to  5  grams  of  diet.  In  analyzing  water,  100  mg.  of  fluorine-free  sodium  hy¬ 
droxide  was  added  to  1  L.  of  water.  It  was  evaporated  to  dryness  and  the  residue  analyzed. 


Received  for  publication  Nov.  19,  1958. 
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Faculty  of  Dentistry,  Osaka  University,  Osaka,  .Japan 

1.  Photoelastic  Studies  on  Maxillary  and  Mandibular  Bones. — Haruo 
Murata,  Matsukichi  IJeyama,  Harutaka  Imada,  Sanya  Sakada,  and  Mamoru 
Yaniada,  Dept,  of  Physiology,  Faculty  of  Medicine,  Tottori  J’niversity.  The 
two-dimensional  (list riJnit ions  of  principal  and  J)oundary  stresses  in  the  maxil¬ 
lary  and  mandibular  bones  on  an  occasion  of  normal  occlusal  movement  were 
investijjated  by  using:  the  photoelastic  method  in  order  to  make  clear  the  cause 
of  jiyorrhea. 

In  the  previous  meeting;,  one  of  the  authors  reported  the  boundary  stre.s.ses 
of  mandibular  bone.  In  this  report,  the  principal  stres.ses  were  investigated. 
The  re.sults  showed  the  stresses  were  not  at  the  alveolar  border  or  alveolar  ridge 
in  each"  direction  of  applied  forces  at  the  incisor,  canine,  premolar,  or  molar 
teeth.  Compression  .stres.ses  and  singular  points  w'ere  shown  at  the  apex  area  of 
alveolar  sockets. 

In  the  maxillary  bone,  the  principal  and  boundary  stresses  were  examined. 
The  boundary  stresses  of  each  tooth  indicated  the  minimum  value  when  occlusal 
movements  were  in  the  normal  direction,  but  it  had  a  tendency  to  increa.se  when 
pressure  was  added  from  buccal  or  labial  sides.  Principal  stre.s.ses  of  this  bone 
showed  the  same  re.sults  as  with  the  mandibular  bone. 

From  these  results,  the  authors  .sugge.sted  the  improbability  of  mechanical 
force  as  an  important  cause  of  pyorrhea. 

2.  Facial  Crowth  and  Dental  Development  in  Obese  Children. — Naoto 
Kawakami,  Dept,  of  Orthodontics,  Nippon  Dental  College.  So-called  obese 
children  are  relatively  few  among  the  .Japanese.  Two  cases  of  obe.se  children, 
whose  dental  development  and  facial  growth  have  been  observed  for  6  years,  are 
worth  reporting.  Their  dental  developmental  stages  show  noticeable  advance¬ 
ment  and  the  facial  growth  exceeds,  in  every  dimension,  the  standards  of  .Japa¬ 
nese  children  with  normal  occlusion. 

It  is  interesting  to  note  that  only  one  feature  in  facial  depth  (aurieulo- 
nasion)  was  wnthin  normal  range  and  progres.sed  normally,  while  all  other  fea¬ 
tures  in  all  dimensions  showed  extremely  supernormal  growth. 

3.  Roentgen  (’ephalometric  Studies  on  the  (Jrovvth  of  Dentofacial 
Complexity  of  .Japane.se  Childre.n. — Tetsuo  lizuka.  Dept,  of  Orthodontics, 
Tokyo  Medical  and  Dental  Vniversity.  The  purpose  of  this  study  was  to  obtain  a 
criterion — roentgen  cephalometries — of  the  changes  of  dentofacial  complexity  of 
growing  .Japanese  children.  The  author  will  attempt  to  utilize  this  criterion  in 
the  case  analyses  of  .Japanese  orthodontic  patients.  Subjects  used  for  this  study 
numliered  232  were  selected  from  1,650  lioys  and  girls,  and  had  normal  o(*clu- 
sion.  Ages  ranged  from  4  to  12  years,  and  for  the  convenience  of  this  study  the 
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subjects  were  divided  into  6  groups  (IIA,  IIC,  IIIA,  IIIB,  IIIC,  and  IVA) — 
according  to  Heilman’s  dental  age.  Twenty-three  angular  and  20  linear  measure¬ 
ments  were  made  on  all  of  the  subjects  and  the  results  of  the  measurements  were 
statistically  treated,  that  is,  means,  standard  deviations,  and  probable  errors 
were  derived  for  each  group. 

The  following  results  can  be  mentioned  as  the  most  interesting  and  valu¬ 
able  findings. 

a.  The  angle  of  the  facial  plane,  V-axis,  and  mandibular  plane  to  the  SN 
plane,  and  gonial  angle  were  extremely  stable,  showing  no  noticeable  change 
through  all  stages. 

b.  The  quadrilateral  (NMHZ)  of  each  increased  equally  in  all  directions, 
so  that  the  figure  of  NMHZ  was  little  influenced  by  growth. 

c.  The  angle  of  the  upper  incisor  axis  to  the  FH  plane  and  8X  plane 
increased  markedly  between  IIC  and  II IB. 

d.  The  angle  of  the  lower  incisor  axis  to  the  mandibular  plane  increases 
markedly  between  IIC  and  IIIB. 

e.  N-S  distance,  the  basic  plane  of  the  cranium,  increases  in  each  suc¬ 
cessive  stage,  showing  the  most  significant  increase  between  IIIA  and  IIIC. 

f.  There  is  a  significant  increase  in  the  height  of  the  anterior  and  pos¬ 
terior  face  (N-M,  G-Z),  although  the  growth  of  the  anterior  face  was  larger 
than  that  of  the  posterior. 

4,  The  Electrical  Respoxse.s  of  the  Various  Sensory  Terminals  in  the 
Dental  Pulp,  Periodontal  Membrane,  and  Gingivae. — Sanya  Sakada,  Hirotake 
Tamoto,  Sentaro  Knmano,  Ilaruo  Murata,  Matsukichi  Ueyama,  Harutaka  Imada, 
and  Manioru  Yamada,  Dept,  of  Physiology,  Faculty  of  Medicine,  Tottori  Vni- 
versity.  For  a  long  time,  a  greater  interest  has  been  shown  in  the  morphology 
of  the  sensory  terminals  of  the  dental  nerve  than  in  the  physiology  thereof. 
Several  re.searchers,  however,  have  studied  the  physiologic  characteristics  of  ex¬ 
citation  by  electrical  recording  of  the  sensory  terminals  in  the  dental  pulp  and 
the  periodontal  membrane.  These  characteristics,  moreover,  were  reinve.stigated 
by  electrical,  mechanical,  thermal,  and  chemical  stimuli. 

Dental  pulp  (cat,  dog) :  It  was  observed  that  responses  were  not  recorde<I 
in  the  incisor  nerve  (which  innervates  the  dental  pulp)  by  application  of 
mechanical  stimulus.  When  enamel,  dentin-enamel,  dentin,  or  predentin  were 
stimulated  by  electrical  stimulus,  threshold  and  rheobase  were  mea.sured  and, 
at  the  cervical  part,  the  thresholds  of  electrical,  thermal,  and  chemical  stimuli 
were  elucidated. 

Periodontal  membrane  (rabbit,  dog) :  A  burst  of  impulses  or  several  im¬ 
pulses  were  recorded  from  the  mandibular  nerve  when  a  rapid  mechanical  stim¬ 
ulus  was  applied  to  the  incisor  or  canine  crowns.  Occasionally,  a  spontaneous 
discharge  resi'mbling  that  rejiorted  by  Ness  (1954)  was  obser^■ed,  but  it  was 
thought  to  be  due  to  the  effect  of  operation. 

Gingiva  (rabbit):  The  stmsory  terminals  of  touch,  pain,  cold  and  warmth 
were  found,  and  their  thresholds  were  examined. 

5.  Influenurs  of  Zinc  Iontophore.sis  Fsed  for  Denti.n  Hyperesthesia 
Fpon  Dentin  and  Pulp. — Masaomi  I none  and  Kensaku  Suzuki,  Dept,  of  Opera¬ 
tive  Dentistry,  Tokoyo  Medical  and  Dental  J^niversity.  In  order  to  investigate 
the  mechanism  of  zinc  iontophoresis,  which  showed  a  markedly  favorable  effect 
in  dentin  hyperesthesia,  the  permeability  of  zinc  ions  into  the  dentin  and  the 
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histopatholofjie  changes  in  the  pulp  were  examined  after  application.  The 
selected  materials  were  extracted  human  teeth  and  human  teeth  in  situ.  The 
results  follow. 

a.  Zinc  iontophoresed  from  the  surface  of  exposed  dentin  was  deposited 
in  the  dentin  beneath  the  exposed  area  as  an  insoluble  zinc  compound. 

b.  Clear  and  .sub.stantial  changes  were  noted  in  the  dentin,  which  changes 
corresponded  with  the  pathway  of  electricity  directly  from  the  surface  of  ex¬ 
posed  dentin  to  the  pulp. 

c.  It  was  presumed  that  the  above-mentioned  changes  were  caused  by  the 
fact  that  calcium  in  the  dentin  was  replaced  by  zinc. 

d.  In  an  application  of  more  than  1  Ma.  per  minute,  the  vacuolization  at 
the  odontoblast  layer  was  observed.  This  change  might  be  interpreted  as  the 
movement  of  water  into  the  pulp  from  the  surface  of  the  tooth.  Some  histologic 
figures  showed  that  the  water  pas.sed  through  the  space  between  the  dentinal 
tubules  and  odontoblastic  processes. 

e.  In  an  application  of  le.ss  than  0.8  Ma.  per  minute,  a  markedly  favorable 
eftect  on  inflamed  pulp  was  noted,  although  histologic  changes  were  very  few. 

6.  Ox  THE  TR.VNSFKRKXrE  OF  Ex.AMEL  M.\TR1X  SUBST.VXCE  TO  THE  DeXTIX 
.VXD  THE  Dextal  Sac. — Syoichi  Sugu,  Dept,  of  Pathology,  Nippon  Dental  ('al¬ 
lege.  It  was  ])reviously  reported  that  the  stain-color  of  acid-in.soluble  enamel 
matrix — by  Weigert’s  resorcin-fuchsin  stain,  was  the  same  as  that  produced  in 
elastic  fiber  by  various  shaping  substances.  Using  this  knowledge,  one  can 
identify  cells  in  the  intra-  and  intercellular  portions  of  the  ameloblasts  and 
stratum  intermedium. 

One  of  the.se  resorcin-fuchsin  .stainable  sub.stances  is  the  protein  containing 
the  SII  group.  These  substances  may  correspond  to  so-called  keratohyalin, 
eleidin,  and  keratin,  or  .similar  substances,  sueh  as  the  epithelial  products. 

It  is  supposed  that  these  resorcin-fuchsin  stainable  substances  are  secreted 
from  the  ameloblasts  and  the  stratum  intermedium  cells,  and  are  transferred 
to  the  enamel  matrix  at  each  stage. 

On  the  other  hand,  it  has  been  found  that,  in  various  animals,  such  sub¬ 
stances  as  these  transfer  and  penetrate  to  the  dentinal  matrix  and  tubules  from 
the  side  of  the  enamel  organ  and  enamel  matrix.  In  rats,  these  substances 
penetrate  to  the  matrix  and  tubules  in  the  superficial  zone  of  the  dentin,  at 
the  pre-formative  stage,  and  penetrate  deeply  to  the  dentinal  tubules,  at  the 
end  of  the  formative  stage  and  at  maturation.  In  guinea  pigs,  they  penetrate  to 
the  superficial  dentinal  matrix  from  the  pre-formative  stage  to  the  formative 
stage,  and  also  penetrates  to  dentinal  tubules  or,  frequently,  even  to  the  odonto¬ 
blastic  layer  through  dentinal  tubules.  In  pigs  and  men,  they  penetrate  deeply 
up  to  the  dentinal  tubules,  at  the  first  part  of  the  formative  stage  but,  in  dogs, 
their  penetration  is  rather  shallow  at  this  stage. 

The  above-mentioned  findings  suggest  the  following  conclusions. 

a.  Dentin  plays  an  important  role  in  enamel  matrix  formation. 

b.  Part  of  the  enamel  matrix  substances  secreted  from  the  ameloblasts  and 
stratum  intermedium  is  in  a  fluid  state,  at  lea.st  enough  so  as  to  be  able  to 
penetrate  to  the  enamel  matrix  (which  has  already  formed),  the  dentinal  tu¬ 
bules,  and  the  dentinal  matrix. 

c.  The  penetration  of  these  substances  may  be  due  to  the  circulation  of  the 
tissue  fluid  which  has  come  from  the  enamel  organ  to  the  dental  pulp. 

d.  The  transference  of  these  substances  to  the  dental  sacs,  which  has  been 
observed  in  guinea  pigs,  may  suggest  the  revei*sal  of  circulation  of  ti.s.sue  fluid 
accompanying  the  completion  of  matrix  formation  therein. 
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7.  Three-Dimensional  Photoelastic  Studies  on  the  Clasp-Kest  and 
T(M)Th  Extraction. — Hiroshi  I  to,  Yoshio  I  none,  and  Matnont  Yamada,  Dept, 
of  Physiology,  Faculty  of  .Medicine,  Tottori  University.  The  effects  of  clasp- 
rests  on  abutment  teeth  and  on  the  extraction  of  teeth  from  the  alveolar  bone 
were  determined  by  a  three-dimensional  photoelastic  experimental  method.  The 
photoelastic  sensitive  material  used  was  the  epoxi  resin,  Epikote,  and  other 
resins.  The  three-dimensional  experimental  procedures  were  as  follows:  after 
engraving:  each  half  of  the  pulp  cavity  in  two  pieces  of  cubic  plate  of  epoxi 
resin,  these  pieces  were  pasted  over  each  other  with  the  same  resin  and  were 
carved  in  the  shape  of  a  tooth.  One  of  various  types  of  rests  was  equipped 
with  one  of  each  model  tooth.  Pressure  was  applied  to  the  stem  of  the  clasp 
and  on  teeth  adjacent  to  the  extracted  one  and,  at  the  same  time,  stres.ses  in 
the  models  were  fixed  or  frozen. 

The  effects  upon  the  various  rests  indicated  the  superiority  of  the  spoon¬ 
shaped  one.  When  teeth  were  extracted,  stres.ses  resultiiif;  from  the  three-dimen¬ 
sional  experiments  w'ere  found  in  the  marfjin  and  apex  areas  of  the  alveolar 
socket,  with  the  lines  of  stress  declining:  to  the  extracted  side  in  contra.st  to  the 
normal  state.  On  the  basis  of  the  two-dimensional  results,  the  authors  discus.sed 
the  probability  of  Sandstedt's  “Compression  Theory”  and  Oppenheim’s  “Trans¬ 
formation  Theory”  in  their  relation  to  these  problems. 

8.  Minute  Crescent-Shaped  Oroanis.ms  Isolated  From  Dental  Scrap¬ 
ings. — Masao  Onisi  and  Teiji  Kato,  Department  of  Microbiology,  Tokyo  Medical 
and  Dental  University,  School  of  Dentistry.  Characteristic  lobate  colonies  of 
Vil)rio  were  recognized  on  the  Kasai’s  medium  seeded  with  dental  scrapingrs 
during:  3  days’  incubation  at  37°  under  anaerobic  conditions.  Fifteen  i.solates 
from  4  specimens,  stained  negatively  by  the  gram  method,  were  all  small, 
strongly  curved,  comma-shaped  organisms,  moving  actively  with  tufty  flagella 
attached  to  the  concave  side  near  one  end.  They  translocated  at  times  like 
cholera  vibrios  and  sometimes  moved  rotatively.  On  solid  media,  containing  3 
j)er  cent  agar,  they  grew  into  smooth,  convex  colonies.  They  produced  neither 
gas  nor  putrefactive  or  disagreeable  odor  during  growth  in  glucose  or  other 
broth.  Nitrate  was  reduced.  There  was  no  production  of  indol  or  H2S.  No 
coagulation  of  the  litmus  milk  was  found,  but  six  isolates  reduced  litmus.  There 
was  no  liquefaction  of  gelatin.  From  glucose  they  produced  nongaseous  acid 
sufficient  to  decrease  the  pH  of  glucose  broth  to  5.3,  but  there  was  no  acid  from 
maltose,  lactose,  sucrose,  glycerol,  or  starch.  There  was  neither  greening  nor 
hemolysis  on  the  blood  agar  plate.  Intraperitoneal  injections  of  cell  suspension 
in  guinea  pigs  did  not  cause  any  significant  pathologic  changes. 

The  present  isolate,  thus  resembling  one  species,  coincides  with  neither  asae- 
charolytic  V’.  sputorum,  which  grows  only  on  media  enriched  with  serum  and 
produces  n2S,  according  to  Bergey’s  ^lanual,  nor  larger  sized  Y.  huccalis,  which 
ferments  lacto.se  and  sucrose,  according  to  Prevot.  It  also  does  not  resemble 
Selenomonas  sputigena  with  respect  to  size,  the  place  of  attachment  of  the 
flagella,  or  activity  of  carbohydrate  fermentation.  A  .species  similar  to  the 
present  isolate  is  small-sized  V.  stomatidis,  which  moves  rotatively,  according 
to  Prevot.  This  species,  however,  is  virulent  to  experimental  animals  and  fer¬ 
ments  glucose  and  lactose. 

9.  Rotation  of  Maxillary  Central  Incisors. 

A.  A  Wing-Like  Appearance  of  Upper  Incisors  Among  American  In¬ 
dians. — .1.  .1.  Dahiherg,  Research  A.s.sociate  (Associate  Professor),  Zoller  Memo¬ 
rial  Dental  VHnic  and  Department  of  Anthropology,  University  of  Chicago. 
(Paper  read  in  absentia.)  A  wing-like  appearance  of  the  incisor  teeth  is  fre- 
(luently  encountered  in  some  hominoid  populations.  This  is  due  to  the  rotated 
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l)osition  of  these  teeth  in  their  sockets.  The  distal  part  of  the  crown  is  turned 
forward  and  the  mesial  part  is  in  a  lingual  i)osition.  This  condition  occurs 
unilaterally  as  well  as  bilaterally. 

The  reverse  position  to  the  mesiolingual  rotation  also  occurs  in  varying  fre¬ 
quency  with  a  higher  incidence  in  groups  having  high  and  narrow  palates.  This 
counter-winged  position  gives  the  impression  of  a  rather  pointed  prominence  of 
the  upper  incisors. 

The  Indian  dentition  cast  collections  of  the  Zoller  Laboratory’  of  Dental 
Anthropology  offered  a  large  sample  of  several  groups  for  a  systematic  study 
of  the  anterior  tooth  positions.  Data  on  the  positions  of  1,825  Amerinds  from 
ten  different  tribes  were  recorded  and  compared  to  a  sample  of  200  Chicago 
Caucasoids.  The  frequencies  of  the  different  categories  of  tooth  position  varied 
from  tril)e  to  tribe.  These  in  turn  w’ere  markedly  different  from  that  of  the 
Caucasoid. 

Five  classes  of  position  were  used  in  the  study.  These  included  all  teeth 
in  straight  alignment,  bilateral  winging,  unilateral  winging,  bilateral  counter- 
winged  position,  and  unilateral  counter-winging. 

A  higher  frequency  (38  per  cent)  of  bilateral  winging  was  found  in  the 
Maricopas  than  in  the  other  groups,  who  ranged  from  22  to  29  per  cent.  All 
the  groups  had  a  large  number  whose  anterior  teeth  were  aligned  straight  in 
the  normal  arch  curves.  These  ranged  from  29  per  cent  in  the  Zunis  to  49 
per  cent  in  the  Pimas.  Counter-winging  was  very  low’  among  the  Pima  (3  per 
cent).  The  Pine  Ridge  Sioux  exhibited  this  tooth  position  in  28  per  cent 
with  other  groups  having  intermediate  frequencies.  Only  3  per  cent  of  the 
Caucasoid  group  showed  the  winging,  but  42  per  cent  showed  counter-winging. 

The  reason  for  the  difference  between  the  Amerind  and  Caucasoid  anterior 
tooth  positions  is  not  clear.  Uncrowded  dentitions  in  both  groups  are  to  be 
found  exhibiting  the  positions  mentioned.  Anatomic  patterns  of  the  lingual 
surfaces  may  account  for  some  of  the  variations.  The  arch  form  and  vault 
height  no  doubt  influence  these  positions  to  some  extent.  Pedigree  .studies  show 
a  consistent  similarity  of  this  trait  in  families,  which  evidence  points  to  a 
genetic  cause. 

B.  Bilateral  Rotation  ( Mesiopalatal  Torsion)  of  Maxillary  Central 
Incisors. — Kei  Enoki  and  Elaiko  Nakamura,  Dept,  of  Orthodontics,  Nippon 
Dental  Vollege.  Bilateral  rotation  of  the  ma.xillary  central  incisors  is  frequently 
seen  clinically  among  orthodontic  patients  in  Japan.  The  pre.sent  study  was 
carried  out  to  find  the  frequency  of  this  phenotype  among  Japanese  children 
and  its  relation  to  occlusion,  dental  arch  development,  and  facial  growth.  Bi¬ 
lateral  w’inging  was  seen  in  9.64  per  cent  of  1,089  .school  children — 7  per  cent  of 
males  and  12  per  cent  of  females. 

Various  “width”  factors,  such  as  width  of  inci.sors,  space  available  for 
thost*  two  incisors,  coronal  and  basal  arch  width,  and  facial  width  (bizygomatic 
and  bicondylar)  were  measured. 

Since  no  positive  relationships  were  found  between  this  phenotype  and  the 
almve  “width”  factors,  it  can  be  said  that  the  genesis  of  this  featiu’e  is  not  due 
to  lo<‘al  factors  or  growth.  That  this  feature  has  a  significant  racial  distribu¬ 
tion  has  not  yet  Iieen  demonstrated. 

10.  Regrow’th  of  Capillary  Vessels  on  the  (Sinoival  Wound. — Yoso 
hnaqawa.  Dept,  of  Operative  Dentistry,  Tokyo  Medical  and  Dental  Eniversity, 
and  Kazuo  Akita,  Dept,  of  Oral  Surgery,  Okayama  EniveKsity.  (No  abstract 
submitted.) 
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11.  Casting  Shrinkage  of  Cold  and  Alloys. — Takao  Fusayama,  Dept,  of 
Operative  Dentistry,  Tokyo  Medical  and  Dental  Vniversity.  Many  researchers 
have  reported  different  findings  on  the  casting  shrinkages  of  gold  and  gold  al¬ 
loys.  Two  of  the  widely  accepted  values  are  those  of  1.5  per  cent  for  22-carat 
gold  by  lloolenback  and  Skinner  (1-inch  specimen)  and  1.25  per  cent  for  90  per 
cent  gold-copper  alloy  (3-inch  specimen  by  Coleman).  Although  either  of  these 
figures  may  be  accurate,  it  is  inadvisable  to  calculate  the  desired  investment 
e.xpansion  from  them  since  the  value  of  easting  shrinkage  may  be  dependent 
on  the  size  and  form  of  specimens. 

In  this  study,  four  different  types  of  casting  specimens,  having  sizes  and 
forms  comparable  to  practical  inlays  or  crowns  were  used,  and  the  following 
values  for  casting  shrinkage  were  obtained  with  gold  alloys:  (1)  2.1  per  cent 
in  .simple  inlays,  (2)  2.0  per  cent  in  crowns,  and  (3)  1.9  per  cent  in  MOD  inlays. 

12.  On  the  Dilating  Effects  of  Pulp  Anodynes  on  Blood  Ves.sels. — 
Taro  Yao  and  Nohiihiko  Takagi,  Dept,  of  Pharmacology,  Osaka  Dental  College. 
(Read  by  title  only.) 


SUPPORTING  ASSOCIATES* 


OF 

The  International  Association  for  Dental  Research 

AND 

The  Journal  of  Dental  Research 

Tlie  Acralite  Company,  Inc.,  New  York,  N.  Y. 

Julius  Aderer,  Inc.,  New  York,  N.  Y, 

The  Amalgamated  Dental  Company,  Ltd.,  London,  Eng. 

Baker  and  Company,  Newark,  N.  J. 

Bristol-Myers  Company,  New  York,  N.  Y. 

L.  D.  Caulk  Company,  Milford,  Del. 

Colgate-Palmolive  Company,  Jersey  City,  N.  J. 

Crescent  Manufacturing  Company,  Chicago,  Ill. 

Dental  Materials’  Group;  I.A.D.R.,  Indianapolis,  Ind. 

Dentists’  Supply  Company  of  New  York,  York,  Pa. 

Ilanau  Engineering  Company,  Inc.,  Buffalo,  N.  Y. 

J.  F.  Jelenko  &  Company,  Inc.,  New  York,  N.  Y. 

II.  D.  Justi  &  Sons,  Inc.,  Philadelphia,  Pa. 

Kerr  Manufacturing  Company,  Detroit,  Mich. 

Precious  Metals  Research  Works,  Inc.,  New  York,  N.  Y. 

Procter  &  Gamble  Company,  Cincinnati,  Ohio 

Squibb  Institute  for  Medical  Research,  New  Brunswick,  N.  J. 

Ticonium  Division,  Consolidated  Metal  Products  Corp.,  Albany,  N.  Y. 

The  S.  S.  White  Dental  Manufacturing  Company,  Philadelphia,  Pa. 

'Supporting:  Associates  have  made  contributions  to  the  Association  for  support  of  the 
Journal.  These  contributions  are  in  multiples  of  one  hundred  dollars. 

206 


